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Hydrogen Embrittlement 


of a Titanium Alloy 


By R. J. Korrita and E. F. ErBin. (From Metal Progress, U.S.A., Vol. 66, No. 4, October 1954, pp. 128-131, 
3 illustrations.) 


Recent failures of titanium alloy components have been 
that this interstitial element lowers tensile ductility, the 
strain rate at room 


RECENTLY, during the increased commercial production 
of titanium and its alloys, the role of interstitial elements 
such as carbon, oxygen, and nitrogen has been inten- 
sively studied and their effect upon the mechanical and 
processing characteristics of the metal has been quite 
well defined. Generally, their usefulness as alloying 
elements has been overshadowed by their deleterious 
effects. The majority of the work has been confined to 
these stabilisers of the alpha phase, to the near exclusion 
of the beta-stabilising interstitial element, hydrogen. 

The critical role of hydrogen was first discovered at 
Battelle Memorial Institute. Work on iodide-base 
titanium and commercial alpha titanium indicated that 
hydrogen up to 240 parts per million was not 
detrimental to the tensile ductility but did decrease 
notch toughness. In an alpha-beta alloy, the tensile 
ductility was shown to drop radically at about 440 ppm. 
Poor ductility in sheet alloys was ascribed to the presence 
of hydrogen as determined by metallographic evidence 
and by vacuum annealing treatments. 

The marked effect of strain rate on tensile ductility 
of alpha-beta alloys of titanium was first encountered 
during the testing of a complex titanium alloy (3 Mn, 
1 Fe, 1 Cr, 1 V, 1 Mo) when two laboratories reported 
different tensile ductility figures. In an attempt to 
resolve the discrepancies between the two sets of data, 
the authors varied the strain rate with the following 
results : 

Reduction Elongation 

Testing Speed in Area in 1 in. 

0-005 ipm 8-5% 
0-01 16°5 
0-10 42:0 

By increasing the strain rate 20-fold, elongation 

was doubled and reduction in area quadrupled. It was 


Fig. 1. Fig. 2. 


ascribed to hydrogen, and it is demonstrated here 
effect becoming most pronounced with decreasing 
temperature. 


therefore decided that a more intensive investigation of 
this phenomenon was needed. 


Test Programme:—A programme was therefore 
undertaken to determine the effects of the three con- 
trolling variables, (a) hydrogen level, (6) strain rate, and 
(c) test temperature, upon the mechanical properties of 
the 3 Mn complex titanium alloy. The actual analysis 
of the metal was 3-79°, Mn, 1-49°, Cr, 1:06% Fe, 
1-:16%, Mo, 1-13% V, 0-:015°% C, 0-019°%, H, 0:021% N, 
and the remainder titanium. 

This alpha-beta alloy was double-melted, rolled to 
g-in. rounds in the beta region (1550° F), vacuum an- 
nealed, and then finish-rolled to }-in. rounds in the 
alpha-beta region (1400° F). Vacuum annealing was 
done at 1400° F for 12 hr at temperature in a vacuum 
of less than 0-03 micron. Subsequently, it was rehydro- 
generated in various amounts, machined to 0-250-in. 
gauge diameter tensile specimens, and heat-treated to a 
strength level of 170,000 psi ultimate. Heat treatment 
consisted of solution treating at 1300° F for 1 hr, water 
quenching and ageing for 8 hr at 900° F, followed by 
air cooling. The hydrogen levels investigated were 30, 
120, 200, and 300 parts per million, with a tolerance of 
20 ppm. 

Tensile testing was carried out in a liquid bath to 
assure constant temperature at —107, 75, and 190°F, 
+3°. Loading was controlled by a strain pacer calibrated 
to give constant head speeds. After preliminary testing, 
the rate of straining necessary to delineate the strain- 
rate sensitivity of the alloy covered the range from 
0-005 to 0-5 ipm, a factor of 100. Ultimate strength, 
elongation, and reduction in area were determined. 

Results :—Figs. 1, 2, and 3 clearly demonstrate the 
effect of the hydrogen and strain rate upon the tensile 
ductility. The transition from ductile to brittle fracture 


Fig. 3. 
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is shifted markedly toward higher temperatures with 
increasing hydrogen contents. These results are sug- 
gestive of a strain-ageing process involving hydrogen. 

At the slower strain rates (0-005 and 0-05 ipm) the 
transition appears at or above room temperature if the 
metal contains 200 ppm hydrogen or more. At a higher 
strain rate (0-5 ipm in Fig. 3) the ductility is almost 
totally restored to that of the base material for hydrogen 
levels up to 200 ppm; however, the ductility of the 
metal containing 300 ppm of hydrogen is still seriously 
impaired at this high strain rate and the transition tem- 
perature is considerably above room temperature. At 
a test temperature of 200° F, the effect of strain rate is 
not so pronounced, and only at the slowest strain rate 
(Fig. 1) is the ductility noticeably affected by hydrogen 
as high as 200 ppm. 

It was observed that the ultimate tensile strength 
changes little with testing speeds, irrespective of the 
hydrogen content. Therefore, the embrittling reaction 
must occur beyond the highest load in a tensile test, i.e., 
during necking. To confirm this suspicion that em- 
brittlement requires a slow strain rate during the portion 
of the stress-strain curve beyond the ultimate load, a 
series of tests was run on metal containing 200 ppm of 
hydrogen. It was found in all these tests that the 
ductility of the metal depended upon the testing speed 
beyond the ultimate load. However, embrittlement 
could conceivably occur at stresses below the ultimate 
strength, if sufficient time were to elapse while the metal 
is under load. Notched stress-rupture tests show that 
premature failures do occur in hydrogen-bearing 
material. 

Discussion:—Ductility of the titanium alloy con- 
taining hydrogen in quantities greater than approxi- 
mately 100 ppm is governed by two competing factors :— 
The embrittling action of the hydrogen and the rate of 
deformation of the material. 

The exact nature of the embrittlement is unknown. 
If it is a strain-ageing phenomenon, the reaction would 
be a diffusion process and therefore dependent on time 
and temperature. It may be further postulated that, 
with the faster strain rates, the reaction has insufficient 
time to progress and little hydrogen precipitates. On 
the other hand, with slow strain rates the reaction has 
time to proceed. The variation of ductility with strain 
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rate could thus be interpreted as the time-dependent 
portion of the diffusion process. 

The effect of temperature is apparent from the fact 
that the curves of reduction in area versus temperature 
show an upward slope below room temperature at slow 
strain rates. The embrittling process becomes less 
prominent as the temperature decreases. 

Above room temperature, the embrittling action 
becomes less effective and the ductility is not so markedly 
decreased. It is also known that above about 200° F 
the solubility of hydrogen in alpha titanium increases 
rapidly with temperature. In a beta-stabilised titanium 
alloy, like the one used in this investigation, it may be 
expected that solubility of hydrogen would increase at 
temperatures lower than those for alpha titanium. This 
would explain the fact that embrittlement decreases in 
severity above room temperature. 

It has been shown that contamination by hydrogen 
seriously impairs the normal tensile ductility of titanium. 
The theory that the embrittling action is a time- 
dependent process suggests that titanium may lose its 
normal ductility when exposed for long periods of time 
to stresses lower than the ultimate stress. This con- 
dition assumes practical significance when one considers 
that hydrogen-bearing titanium alloys subjected to 
nominal design stresses in service applications may 
have their mechanical properties seriously impaired. 
Consequently, they may lose their useful engineering 
properties when contaminated with this interstitial 
element. 

Considering the above data, it can also be seen that 
the significance of the testing speed in a tensile test of 
titanium alloys cannot be over-emphasised. Variation 
in testing speeds could result in a discrepancy in ductility 
values among different tests of the same material. 
Previous disagreements between producers and manu- 
facturers may very well have been caused by this 
variable. Obviously, some standardised test procedures 
should therefore be established. 

From the standpoint of quality control, the slow- 
speed tensile test may demonstrate the worst possible 
condition of the material being evaluated. There is 
evidence that a ductility transition range exists for the 


(Concluded on page 534). 


Practical Assessment of Electrical Insulating Varnishes 


By B. BREUNLICH. 


(From Elektrotechnik und Maschinenbau, Vol. 71, No. 19, October 1954, pp. 453-461, 


7 illustrations.) 


Insulating varnishes are of primary importance for the life of electrical machines. 


The purpose of this 


article is, therefore, to consider the various properties which insulating varnishes are required to possess, 
and the methods by which the suitability of varnishes can be tested for practical applications. 


WINDINGS are provided with an insulating coating of 
varnish in order to prevent stray currents and conductive 
paths. However, this is only one of the purposes of 
varnish. To appreciate further requirements, some 
remarks on design considerations are useful. Electrical 
machines are designed on a power basis, i.e., in ac- 
cordance with an equation of the type 


H=CD*IN Se as (1) 


where H = power [kVA], C= Esson’s constant, D = stator 
bore diameter [m], / = length of armature [m], and 
N = speed [rpm]. The constant C characterises the 
degree of utilisation of the machine. Its value depends 
on armature current density, the mean air induction, 
and slot dimensions. According to Leibnitz, it is pos- 
sible to assess the value of C from the equation 


CGC=Ky/t-R, .. wn 2) 
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where @ is the temperature of the winding, K, and K, 
being constants. 

The degree of utilisation of the machine increases 
with temperature. The latter, however, is limited by 
the life of the insulating materials (Montsinger’s law), 
which can be expressed as 


= ae-bé “et ae ne (3) 
where t = life of the varnish, @ = temperature, and 
a, = constants for the material considered. For 


practical applications, Langlois-Berthelot pointed out 
that the life of an insulating material is halved (or 
doubled) when its temperature is increased from @, to 
a certain value @, (or reduced from @, to 0,). Let 0, — 
= Ay. If % is a temperature corresponding to a life 
ty for a specific material, then numerical evaluation of 
Montsinger’s relation yields 

t = t) 27(9-80)/ 40 poate Sars (4) 
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‘’o determine 0, and 4, for a given material, two tests 
ece made at two different temperatures @, and @,. These 
give two life values 1, and t,. Substituting these in 
eq. (4), two equations in terms of 0) and 4, are ob- 
tained, i.e., 

Ay = log, [2(2 — 9)]/log.(ti/tz)  -- -- ©) 
aud 0 = [62 log, (t1/to) — 4 log. (t2/to)]/log. (t1/tz) (6) 
When these values are substituted in eq. (4), it can be 
used to determine the life of an insulating material for 
any temperature @ in relation to the reference tempera- 
ture 0). The relation is readily plotted for easy use on 
semi-logarithmic paper. 

Practical tests indicate that, for many of the insu- 
lating materials at present in use, the value of 4, is 
between 8 and 10° C, that is, a rise in temperature of 
this order reduces the life of a machine by 50%. 
Varnishes are thus very sensitive to temperature. This 
fact is in opposition to the requirement of eq. (2), i.e., 
a high temperature for high utilisation factors, and a 
compromise has therefore to be reached. From this, 
it immediately follows that two further requirements 
should be taken into account, i.e., (i) the insulating 
materials should have a high temperature resistance, 
and (ii) the heat conduction out of the machine should 
be as efficient as possible. 

Requirement (i) is fulfilled by new types of materials 
(silicones and teflones) but these are still in their initial 
development and are expensive. Requirement (ii) makes it 
necessary to consider the conditions in a slot of height 
h and width 6, containing insulated circular-section 
wires with an outer diameter d). Owing to the circular 
sections, there are air interspaces between the wires 
themselves, and also between the wires and the slot 
insulation. According to Leibnitz, the “‘ space factor ” 
y never exceeds 90%,, as calculated by the formula 

gy = 0-907 [1 — (d/2b)] .. = (7) 
which is also represented graphically by the curves in 
Fig. 1. The g-values decrease rapidly with increasing 
wire diameter and decreasing slot width. It is known 
that, compared with all the structural materials used, 
air is the worst conductor of heat. Between 50 and 
120° C, the heat-conductivity values of various materials 
are as follows :—Silk, cotton, etc. 0:04 kcal/(mhr °C); 
copper 300-340; iron 40-50; synthetic resins, insu- 
lating varnishes 0:14-0:30; air 0-025. Therefore, it is 
advisable to use the varnish not only to impregnate the 
conductors, but also to fill completely all the remaining 
interspaces in the slot, in order to improve heat dis- 
sipation. In this way, the machine will have a longer 
life at a given temperature, or will be able to operate at 
a higher temperature (and a higher C-value) with the 
same life period. 
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Fig. 1. Space factor ¢ as a function of slot width b and wire 


diameter d. 


Another advantage of filling completely with varnish 
all the interspaces in the winding is that the varnish 
increases cohesion between the wires and, hence, adds 
to their bending stiffness, so that they are less apt to 
vibrate under the action of centrifugal forces (which 
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are due to imperfect balancing of the rotor) or mechani- 
cal forces (which result from the flow of current 
through the wires). 


REQUIRED PROPERTIES OF AND TEST 
METHODS FOR INSULATING VARNISHES 


Insulating varnishes for electrical machines can be 
divided into two classes, according to their use, i.e., 
(a) impregnating varnishes, and (b) coating varnishes. 
Furthermore, a sub-classification can be made according 
to the type of drying process (oven-drying or air-drying 
varnishes). All varnishes should comply, as far as 
possible, with the requirements outlined above. 

The test methods indicated in the following require 
a minimum of equipment and should make it possible, 
even in small factories, to assess the qualities of varnishes 
used in electrical machines. 

Quality of supplies; impurities; dilutability: The 
product supplied should have a uniform appearance 
and it should be possible to dilute it with the correspond- 
ing thinning agent to any required degree. 

A simple test consists in first stirring very thoroughly 
the varnish in its original container. About one pint of 
the varnish is then poured out into a clean beaker and 
allowed to stand for 48 hours. If the varnish has a 
cloudy appearance and shows layers due to disassocia- 
tions, the product should be rejected. Other impurities 
can be detected by pouring the varnish through a fine 
fabric filter. 


Viscosity and body: The viscosity can be determined 
by conventional means. Most of the varnishes at 
present used have viscosities corresponding to outflow 
times of 25 to 60 seconds (Engler). 

The residual body or substance of the varnish after 
drying is determined by weighing tests. First, the 
weight W, of the varnish contained in a clean, stoppered 
bottle is determined. Some of the substance is then 
poured out into a clean, dry saucer of about 80 mm 
in diameter. The weight of the varnish remaining 
in the bottle is determined as W,. The saucer with 
its varnish is placed in a heating chamber and left 
there for at least 16 hours at a temperature of 120° C(+.2°). 
After this period, the weight W, of the varnish remaining 
in the saucer is determined. The body is then obtained 
as a percentage from the relation 100 x W,/(W, — W,). 
Average values are around 50%, and the measured value 
should in no circumstances be less than 40%, so as to 
obtain good results with impregnated windings. 

Through-drying properties in the form of a thin film: 
As thin films are not easily produced without a sup- 
porting material and as it is necessary ultimately to 
assess the results of the combined effects of the varnish 
and the material to which it is applied, it is advisable 
to carry out tests with varnish films on standard sheets 
of sheet metal and paper, using, for instance, metal 
sheets of 0:2-mm thickness and a cable paper about 
0:05-0:06 mm thick, weighing approximately 50 gr/m?. 

Although the windings of electrical machines are 
generally impregnated several times, the thin outermost 
layer is the one which is mainly exposed to corrosive 
attack, etc. This layer should therefore fulfil the following 
requirements :—Its surface after cooling should have a 
bright appearance and be as smooth as possible, in 
order to reduce the accumulation of deposits and water 
condensate. The dry surface should remain hard, with- 
out being brittle or sticky at normal working tempera- 
tures. Also, the varnish film should have sufficient 
adhesion on the supporting layer or material to avoid 
destruction by vibrations. 

The elasticity is determined by bending the specimen 
sheet around a radius of 1 mm until cracks occur on 
the outer surface. A good varnish should easily be able 
to withstand bending through an angle of 180 deg. 
To test adhesion strength, a grid of equally-spaced 
vertical and horizontal lines is scratched into the varnish, 
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the lines being about 1 mm apart. If no varnish breaks 
off from the small squares thus obtained, adhesion 
strength is regarded as satisfactory. 

To determine any tendency towards sticking after 
reheating to a normal working temperature, a dried 
sheet, previously cooled down to room temperature, 
is suspended in a _ heating chamber and left 
for some minutes at 120°C. AQ filter paper is 
placed in contact with the specimen while it is still in 
the chamber. If the paper falls off or if not more than 
a few fibres remain stuck, the varnish is considered 
satisfactory. 

Through-drying properties of thick layers: The dried 
layer should form an absolutely homogeneous mass, 
free from air bubbles and sufficiently elastic. For tests 
of thick layers, the varnish is poured into a box about 
8-10 mm deep and allowed to dry at room temperature. 
By cutting open the mass of the varnish, it is possible 
to see whether it has dried through down to its bottom 
layers. Bubbles may be due to the formation of a skin 
during the drying process, or may occur if a thermo- 
plastic varnish body is used. This skin also prevents 
the evaporation of the solvent, which may then attack 
the insulating materials of the winding and considerably 
reduce their breakdown strength. 

Electrical breakdown strength: It is advisable to test 
both sheet-metal and paper specimens. Before the 
tests, the specimens should be suspended in a moisture 
chamber for at least 24 hours. The tests are carried 
out at room temperature and at 65% relative humidity. 
If these give sufficiently high values for breakdown 
strength, it will be found in most cases that the varnish 
will also be satisfactory with 80% humidity at room 
temperature and at 90-120°C, so that good results 
from one test should generally be sufficient. 

Nowadays, good insulating varnishes nearly always 
reach values between 70 and 90 kV/mm; values below 
60 kV/mm are for poor-quality varnishes, although, 
according to German standards, 30 kV/mm is the 
minimum value. This, however, does not apply to some 
special varnishes, such as air-drying asphalt and 
bitumen varnishes, bakelite varnishes, chlorinated- 
rubber varnishes, and others of similar types, which 
usually have breakdown strengths varying between 40 
and 60 kV/mm. 

Resistance to ageing: The main test consists in deter- 
mining the value of breakdown strength after the speci- 
mens have been stored for seven days at about 105° C 
and comparing this result with the value obtained 
before the ageing treatment. Good insulating varnishes 
invariably have “‘ positive” ageing properties, i.e., their 
breakdown strength increases by 5 to20% through ageing. 
In general, varnishes with “ negative ” ageing proper- 
ties, i.e., decreasing breakdown strength after ageing 
treatment, should be considered with due reserve, since 
they usually have a very short life under service con- 
ditions. It is also found that, when varnishes have been 
stored for many years, their ageing properties change 
from positive to negative shortly before their deteriora- 
tion becomes visible. Barrels of varnish should never 
be stored in the open, but should be kept in closed 
rooms with fairly constant temperature. 

The resistance to ageing can also be assessed by the 
tests with acids or alkalis, as for instance, by subjecting 
varnish specimen to a 5%, aqueous solution of sulphuric 
acid or a 1% solution of ammonia for seven days, 
and determining the breakdown strength thereafter. 
This should not be less than 70% of the value 
measured before the treatment and also not less than 
30 kV/mm. Moreover, bending tests after the ageing 
process should still give angles greater than 180 deg., 
with perfect adhesion. This does not apply, however, 
to bakelite varnishes, which show a considerable 
decrease in adhesion strength and fail at angles of only 
30-60 deg. for oven-drying varnishes and 90-120 deg. for 
air-drying varnishes. 
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Special tests to determine resistance to tropical | 
conditions and decay can also be carried out, where 
necessary. 

Water absorption: A test procedure in close con- 
formity with practical conditions is as follows :—The 
paper-sheet specimens are placed for 1 to 4 days in dis- 
tilled water and their water absorption is then deter- 
mined by weighing. This test is stringent and enables 
an assessment to be obtained of the behaviour of a 
varnish in the presence of moisture or condensed water 
over protracted periods. Experience indicates that a 
water absorption of not more than 4% after a 96-hour 
test at 20°C can be regarded as adequate. Good 
values are 2 to 2:5°%,. 


°fo kV/mm 
8 — 80 
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| 2 3 4 5 6 7 8 9 


Fig.2. Effect of ageing on water absorption and breakdown 
strength. 
W = Water absorption. 
B = Breakdown strength. Immersion in water for 96 hours 
after ageing at 105° C. 


10 weeks 


The water absorption of an insulating varnish in- 
creases with ageing up to a maximum value which is 
maintained for a long time thereafter. Simultaneously, 
as shown in Fig. 2, the electrical breakdown strength 
shows a corresponding decrease to a minimum value, 
which subsequently also remains fairly constant. 
Furthermore, it is found that hot water is much more 
detrimental than cold water. Comparative results illus- 
trating this point are shown in Fig. 3. This test should 
always be followed by a determination of the breakdown 
strength. 

kV/mm °/o 
70 —|4 





| 4 


Fig. 3. Water absorption ee temperature of 45 to 


7 days 


Resistance to oil: For testing oil resistance, specimens 
should be immersed in transformer oils for four days, 
at room temperature and at a higher temperature 
(105° C). After this period, if the varnish is extensively 
damaged, it can easily be removed by hand from the 
supporting sheet, the damaged areas or wrinkles 
being clearly visible in most cases. If no damage is ap- 
parent, the invisible changes in the varnish layer can 
be assessed by determining the bending angle and the 
adhesion strength, as well as the hardness. For varnishes 
intended to be used on transformer windings, it is also 
necessary to investigate the effect of the varriish on the oil. 
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Theoretical Principles of Diamond Synthesis 


By A. NEUHAUS. 


(From Angewandte Chemie, Vol. 66, No. 17/18, 1954, pp. 532-536, 2 illustrations.) 


This article shows that, apart from thermodynamic conditions, which, though severe, are already largely 
understood and are by no means incapable of experimental fulfilment, unusual kinetic difficulties also 


arise in the synthesis of diamonds. 


These latter difficulties are at present the greatest unknown factor in 


the formation of diamonds under conditions of stability and at the same time largely negative the hope of 
metastable production. 


THE primary occurrence of diamond in nature is 
unique, and, coupled with its paragenesis with the like- 
wise uncommon “‘ Griquaite,”’ indicates that quite un- 
common conditions for its formation may be expected. 
Some indications of these conditions are supplied by 
nature, and can be imitated only quite imperfectly 
(Moissan, Friedlander, v. Hasslinger, etc.). All attempts 
on this basis, in spite of many claims to have achieved 
synthesis, have been without success. Important fac- 
tors were Obviously not recognised or considered, in- 
cluding in particular high pressure, which can be 
deduced from the high specific gravity and the well 
known instability of diamond compared with graphite 
at atmospheric pressures. Real high-pressure syntheses 
for the stable production of diamonds were not possible 
when the above-mentioned attempts were made. Ac- 
cording to the empirical generalisation expressed by 
Ostwald’s ‘“‘stage rule”, the formation of diamonds 
might also be expected as metastable synthesis at 
atmospheric pressure. Moissan took refuge in this 
principle when his thesis on a high contraction pressure 
in cooling or crystallising molten iron was disproved. 
This was the basis of Friedlander and v. Hasslinger’s 
work, and particularly of numerous attempts at syn- 
thesis with the carbon arc, in which extremely high 
cooling speeds resulted, though diamonds were never 
obtained. Moreover, graphite pseudomorphs of possibly 
primarily formed diamond have never been observed 
either in nature or experiment. From this it must be 
expected that the chance of metastable formation of 
diamond is at least very remote, and it will be shown 
that this low probability is theoretically well founded. 


PRINCIPLES OF METASTABLE DIAMOND SYNTHESIS 


If the boundaries of stable conditions for a par- 
ticular phase are crossed, then the phase attempts to 
change. Frequently, the phase which is most stable 
under the new conditions, i.e., the phase with the 
greatest possible transformation affinity, is not pro- 
duced directly, but one, or several, phases of inter- 
mediate stability (Ostwald’s “‘ stage rule ’’) are produced. 
The nature of the newly produced phase is not deter- 
mined by the magnitude of the transformation affinity 
but by the low value of the energy threshold (activation 
energy) between the two states. According to Stranski 
and Totomanow, this can be easily understood from 
Volmer’s formula for the nucleation frequency 7, in 
crystallisation from a melt, as also for reactions in the 
solid state :-— 


uy Ax 
J Kew ( ~ exp =) - @ 
kT kT 


in which u; is the activation energy for transfer from 
phase I to phase II and Ax the work of nucleation, i.e., 
the change of free energy accompanying the formation 
of a nucleus. 

4 M? ba® 1 
(2) 


Ax - 





3.N?k? T? d® log.’ (p;/Po) 
in which b is a geometric factor given by the ratio of the 
surface area of the nucleus to the radius of the inscribed 
sphere, o = specific free surface energy, d = density, 
p, = vapour pressure of the critical nucleus of radius 
r, and at the same time vapour pressure of the initial 
phase, and p, = equilibrium vapour pressure of the 
phase to be formed. 
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For a qualitative derivation of the stage rule, it is 
sufficient to discuss the work of nucleation Ax, and in 
particular those factors which are different for the nuclei 
of different modifications from the same over-saturated 
phase. These are o, d, b, and p,. Assuming that the 
nucleation occurs not too far from the transition point, 
the vapour pressures p,.’ and p,.” of two competing 
modifications are only slightly different from one 
another and the logarithmic factor in expression (2) 
can be neglected. If it is further assumed that the 
geometric factor 6 changes only slightly from modi- 
fication to modification, it will be found that Ax is 
mainly determined by the expression o°/d?. As the 
free surface energy and density of a phase generally run 
parallel with each other, then qualitatively Ax ~ ao = d. 
The modification (in this case, graphite) with smaller 
d and o values has accordingly a smaller Ax value, and 
therefore a greater nucleation frequency 7. Although 
it is the stable modification, it is also the form with a 
lower activation barrier and consequently the greater 
formation frequency. The graphite structure, therefore, 
appears doubly favoured, not only metastably, but also 
because it is the stable form. On the other hand, 
diamond is favoured neither for metastable nor for 
stable formation, so that the numerous unsuccessful 
attempts at diamond synthesis are theoretically well 
understandable. 

A further conclusion must be drawn :—Assuming 
that the conditions for stable formation of diamond, as 
in the experiment of C. B. Slawson, had been established, 
then diamond would now be the stable and, at the same 
time, the denser phase. According to the foregoing, 
graphite would require less work of nucleation and 
therefore would have a greater nucleation frequency. 
Its formation would again, as a normal case of the 
Ostwald stage rule, be preferred. For diamond to form, 
it is not only necessary to satisfy the stability conditions, 
but, in addition, to make a sufficient reduction of the 
work of nucleation, for example by seeding with 
diamond, as done by Ruff, or with other structurally 
related nucleating substrates. 

The above considerations are valid only for p,,.’ ~ 
Pe’, i.e.) not too far from the transition point ; other- 
wise, the difference between p,.”” and p,’ becomes 
even more pronounced. Log,” (p,/p,.) could then 
have a greater influence on Ag and possibly favour 
nucleation of the stable form. Owing to the uncom- 
monly high density jump in the diamond-graphite 
system (2:25 to 3:52), such a possibility may be very 
small in this system. However, departure from the 
transition curve in the direction of lower temperature 
will cause considerable difficulties in atomic migration 
(diffusion). Then, indeed, nuclei will be formed, but 
will not grow, at least to any observable extent. 

For strongly undercooled, i.e., viscous, melts, and 
likewise for transformations in the solid state, Ax by 
itself does not suffice to explain the nucleation process. 
For this purpose, an additional factor e-“1/*™ has to 
be considered (see eq. (1)), where u; = activation energy 
of diffusion). This factor represents the influence of 
obstacles to atomic migration in the nucleation process. 
In particular for diamond synthesis, this factor might 
be of great importance, since numerous attempts at 
synthesis used undercooled, and hence viscous, melts 
(Moissan, Friedlander, and others), or even attempted 
the direct transformation graphite > diamond in the 
solid state. Unfortunately, this factor generally re- 
duces the chance of forming diamond nuclei even 
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more than would follow from consideration of Ax 
alone. In order to exclude this factor, the obstacle to 
diffusion should be, if possible, removed, i.e., the 
carbon should be made easily migratory. According 
to experience with the neighbouring elements, P, As, 
S, and Se, this is at least feasible by means of extreme 
cracking processes. However, in view of the high 
strength of the graphite lattice, the temperature neces- 
sary would be very high, since in molten carbon, i.e., 
at about 4000° K, there are always some large residual 
structural complexes, and even in the vapour, apart 
from C molecules, C, molecules are present, with a 
bond strength far above that of diamond. Their 
complete dissociation would require the crossing of an 
activation threshold and this is dangerous for the for- 
mation of diamond. The aromatic C-C bond, as the 
first step in the growth to the graphite structure, and the 
C=C or C_ C bonding in melt and vapour will 
always be energetically preferred in competition with 
the aliphatic diamond bond. These, once formed, 
facilitate nucleation of graphite and at the same time 
present a high potential barrier against nucleation of 
diamond. Since there is always a partial dissociation 
C, = 2C, there is always a proportion of atomic C 
present, so that the stable production of diamond 
nuclei and their stable growth cannot be considered as 
impossible. From this point of view, nevertheless, the 
many unsuccessful attempts at synthesis from the 
gaseous and molten phases can be well understood. 

In place of higher temperatures, another possibility 
for obtaining sufficient atomic migration would be by 
means of the aid of a supplementary substance which 
could produce a temporary atomic solution of carbon 
in interfacial regions. Small amounts of oxygen seem 
to act in this way, transporting atomic C in the form of 
CO from phase to phase. Another method of increasing 
atomic mobility in the solid state, important for the 
natural, as well as for the artificiai formation of diamond, 
is the possibility of vaporising graphite with MnS as 
an azeotropic mixture at 1375° C, i.e., at relatively low 
temperatures. 

These considerations regarding the kinetics of the 
graphite-diamond transformation may show that the 
possibilities for a metastable diamond formation are 
in general extremely remote, and also that stable dia- 
mond formation is unlikely. 


Basic CONCEPTS OF STABLE DIAMOND SYNTHESIS 


The approach to the problem of stable diamond 
synthesis by establishing the phase diagram was made 
at an early date for the carbon system by Roozeboom 
and Tammann, but was found experimentally very 
difficult; graphite melts at about 4000° K and, owing 
to the use of incorrect thermal values, completely false 
conclusions regarding the relationship between its two 
crystalline phases, graphite and diamond, prevailed 
for a long time. Accordingly, diamond was supposed 
to be the more stable modification. Transformation 
tests, however, showed that diamond changes in vacuum, 
between 1700 and 2000° K, into graphite with remark- 
able speed, but that graphite can never be changed into 
diamond. From this it can be concluded that graphite, 
not diamond, is the more stable form at atmospheric 
pressure. This was first proved by Roth and Wallasch, 
who showed that diamond has the larger heat of com- 
bustion outside the limits of error of the measuring 
technique. This gave for the first time the sense of 
direction of the liberation of heat in the transformation 
of graphite to diamond. These investigators, however, 
obtained two groups of results for heat of combustion 
and inferred the existence of two forms of graphite 
(a, 8). Most careful investigations by the American 
National Bureau of Standards showed, however, that 
these differences were due to impurities and that 
thoroughly purified graphite samples (heated in high 
vacuum) of very different origin gave exactly the same 
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heats of combustion. The recently determined structure 
forms of graphite I and II do not seem to differ from the 
point of view of combustion. 

The very high density of diamond, compared with 
that of graphite, and its very low compressibility sug- 
gest that the stability relations of the two forms of 
carbon can be reversed at high pressures. The carbon 
system would thus be monotropic at low pressures but 
could become enantiotropic at high pressures. Nu- 
merous very thorough and careful investigations, the 
results of which are considered below, have been de- 
voted to the exploration of these stability relationships 
and to the establishment of the phase diagram. 

(a) The triple point and its surroundings :— 

According to Steinle and Basset, the triple point of 
graphite is at 4000° K and 100 atm. Lummer’s value 
of 3800° K, i.e., the temperature of the carbon arc in 
air at 1 atm, served as reference temperature. Thus, 
only at pressures above 100 atm can molten carbon 
exist in a stable form in addition to gaseous and solid 
carbon. Below these temperatures carbon can only 
sublime. Above the triple-point pressure the melting 
point increases slowly with pressure, about 200° C at 
5000 atm. The melting-point curve is therefore slightly 
inclined towards the right. Basset carried out his 
melting tests (in argon) in relation to pressure up to 
11,500 atm and down to the lowest pressures, and de- 
duced from these tests the lower part of the phase 
diagram for carbon shown in Fig. 1. In this diagram 
the solid lines up to 5000 atm have been determined 
experimentally, while the dotted lines have been ob- 
tained by uniform extrapolation. The critical tempera- 
ture of 7000° K and the critical pressure of vaporisation 
of 12,000 atm have been“obtained by general propor- 
tionality relationships between melting and _ boiling 
points, and may be considerably higher. 
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Fig. 1. Equilibrium diagram of carbon. 


Data near the melting point according to Basset; transformation 
curve according to Bridgman. 


Basset also carried out his tests with a view to 
diamond synthesis and performed numerous melting 
experiments on graphite, some of them up to pressures 
of 20,000 atm. However, on solidification, only graphite 
of the usual structure and density was always obtained. 
From purely thermodynamic considerations, the con- 
clusion that the field of diamond region can be found 
only above these pressures can easily be drawn. How- 
ever, considered kinetically, it is quite uncertain. The 
molten graphite generally solidifies in contact with the 
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obtained by a simplified calculation after Wiberg. For 
equilibrium, using the notation of Ulich and Jost :— 


AG-4U-T48S}+p4V=4A+p4V=:0 


in which G — Gibbs’s free energy, alternatively free 
enthalpy; A — free energy; thus 4A = —p4V 

external volumetric work during the transformation 
and p = equilibrium pressure. For the calculation of 
4A, deviating from Wiberg, the optimum values 
according to Rossini and Jessup have been used 
(Table I) and distinctly different values from those 

















30000 TABLE I. 
" | Graphite | Diamond 
8 Density at 25° C [gr/cm$] 2-260 | 3-513 
& 24000 Atomic volume at 25° C [cm3] . 5-314 | 3-418 
3 AV graphite-diamond at 25° Cc 
j= and 1 atm [cm] — 1-896 
° Coefficient of thermal expansion 
at 20° C [per °C] 6 x 1076 2:7 x 1076 
18000 Compressibility (up to” 10, 000 
atm) [cm?/kg] . 3x 1076 0-16 x 1076 
Heat of transformation graphite- 
diamond at 25° C [cal/mol] .. +453+20 
Heat of transformation —* 
12000 diamond at 0° K [cal/mo +578+30 
Internal energy at 0° K Teal mel} 0 578 
Entropy at 25° C [cal/deg.-mol] | 1-365+0-025 | 0-585+0-010 
Transition entropy D—>G at | 
25° C [cal/deg.-mol] .. ‘a + 0-780 
6000 — 1 1 1 1 = 
300 600 900 1200 1500°K given by Wiberg obtained. This gives curve III, very 
Fig. 2. Transformation curves of graphite-diamond. close to that of Leypunski, and the following values of 
equilibrium pressure at particular temperatures :— 
solid remainder, which is always present. Temperature (° K) 0 300 600 900 1200 
The graphite state, already strongly pre- 
srap > y sy P ZA [kcal] —0-578| —0-69| —0-98] —1-28| —1-58 


ferred for metastable formation, would also 
have been seeded, i.e., its formation would 


AA [cm3 atm] 


—23,800 | —28,300 | —40,200 | —52,500 | —64,800 





be facilitated still further. Droplets out of 
contact with the main mass of graphite 
would also contain sample graphite nuclei, 


Equilibrium 
pressure [atm] 


12,500 14,900 21,200 27,600 34,100 

















judging from general experience. The 

graphite melt is, moreover, not atomically dispersed, 
but is, in some unknown manner, complex, and 
for this reason also favours the formation of graphite 
nuclei. The formation of diamond nuclei would be 
quite improbable for kinetic reasons, even if the region 
of stability had already been reached. The further 
growth of nuclei, if present, owing to the partial de- 
composition C, -»2C, would be possible. Its non- 
formation is in any case no proof that the ‘stability 
region of graphite still obtains. 


(b) The transformation curve graphite-diamond :— 


An experimental determination of the transformation 
curve graphite-diamond has hitherto been unsuccessful, 
with the one exception to be discussed below. Its 
position can be determined, however, by using suitable 
physical and, in particular, thermal data, with the aid of 
thermodynamic relations, and has recently been criti- 
cally discussed several times. Consequently, it will be 
sufficient to reproduce and discuss these curves (Fig. 2) 
and to tabulate optimum values of the most important 
quantities required for their calculation. 

The first useful determination of the equilibrium 
curve of the transformation graphite-diamond was due 
to Baur and Simon. The latter calculated the following 
co-ordinated values for the equilibrium pressures at 
different temperatures (curve I, Fig. 2):— 











Temperature [°K] 300 | 600 | 1000 1500 2000 
Equilibrium pres- | } 
sure [atm] 8400 | 15,000 | 23,000 | 34,000 | 45,000 





A more recent calculation of the transformation 
curve, based on values obtained by Rossini and Jessup, 
was carried out by Leypunski (curve II, Fig. 2). His 
curve also covers the low-temperature region; other- 
wise, it is not much different from that given by Simon. 

A very similar curve to that last mentioned can be 
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The transformation pressure rises steeply with 
increasing temperature in all three curves, so that 
temperatures of 1500° K, presumably the approximate 
temperature of the natural formation of diamond, re- 
quire minimum pressures of about 35,000 to 45,000 
atm, whereas the direct solid transformation of graphite 
into diamond, assuming a necessary reaction tempera- 
ture of above 3000°K, would need transformation 
pressures in excess of 70,000 to 80,000 atm. These are 
pressure-temperature difficulties which even present- 
day engineering techniques cannot surmount. Bridgman 
has therefore examined the previous thermodynamic 
calculations of Rossini and Jessup and concludes that 
these investigators have significantly improved the 
values for the thermal yield and free energy of the 
transformation graphite-diamond under normal con- 
ditions, and have thereby established the constant term 
in the following equation for free enthalpy :— 





AG(p,, 7) = 4Ho — 7 AS, 
4) fe Pi 
4C, 
4° | 4c,ar — -f dr | 4rap 
T 
To To Po 


They have not, however, established the variable in- 
tegrals which become more important at higher pres- 
sures and temperatures. A detailed discussion of the 
temperature and pressure dependence of the specific heats 
C, and C,, hitherto not considered, and of compres- 
sibility and thermal expansion led Bridgman to the 
result that the contribution of the integrals to the value 
of 4G becomes increasingly negative, i.e., that the 
transformation curve does not continue linearly but 
bends over more and more towards the abscissa. This 
leads to the new transformation curve IV (Fig. 2), 
which, at higher pressures and temperatures, deviates 
markedly from those given previously, giving sub- 
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stantially smaller equilibrium pressures. The inter- 
section U with the uniformly extended melting curve 
(Fig. 1) gives an indication of the still absolutely un- 
known position of the transformation triple point. 
This point lies for the assumed curve at about 5500 K 
and 35,000 atm. The justification for this assumption 
will be given later. 

The above determines the stability region of diamond 
sufficiently accurately for experimental tests and pro- 
vides the basis for rational attempts at synthesis. In 
addition to attempts by Baur, Bridgman, and others, 
direct pressure transformation of graphite into diamond 
was tried by Giinther and co-workers, who developed 
for this purpose a special very high pressure apparatus 
made from the finest special steels, so that they could 
attain pressures up to 100,000 atm. With this apparatus, 
they carried out numerous attempts to transform pure 
graphite at pressures between 100,000 and 18,000 atm 
and at temperatures of about 3000° C; these attempts 
were, however, all unsuccessful. This is not surprising, 
despite the fact that the tests were also carried out in 
the stability region of diamond, since, because of the 
high reaction temperature of 3000° C, the duration of 
each test was for practical reasons restricted to only a 
few seconds; this limited period is insufficient for any 
appreciable atomic migration in the carbon pellet. 
Furthermore, special measures for facilitating the nu- 
cleus formation of diamond would have been necessary, 
such as diamond seeding or other inoculations, since 
the preferred process in this range would be the meta- 
stable formation of graphite in accordance with 
Ostwald’s stage rule. 

The next logical step was taken by Bridgman, who 
attempted to establish the thermodynamic limits of the 
inverse transformation (frequently effected before), 
from diamond to graphite in order to reach equilibrium 
from the diamond rather than from the graphite 
direction. For this purpose he used a high-pressure, 
high-temperature apparatus which was quite similar 
in principle to Giinther’s. For each test, several 
weighed diamond splinters of 0:1 gram were embedded 
in graphite and exposed to the pressure-temperature 
treatments given below. After the test, the graphite 
formed was chemically removed and the sample weighed. 
As it was observed that diamond, independent of the 
applied pressure, graphitises rapidly enough to follow 
the course of the reaction only above 2000° C, the 
temperature of melting molybdenum, i.e., 2630° C at 
1 atm, was chosen as reaction temperature and also as 
temperature indicator. At this temperature, which 
should ensure a practically unimpeded reaction, and 
at pressures of 15,000, 20,000, 25,000 and 30,000 atm, 
convincing tests were carried out, in which, at 3000° K, 
complete graphitisation of the diamond nuclei was 
observed at 15,000 atm; extensive graphitisation at 
20,000 atm; moderate graphitisation at 25,000 atm; 
and no graphitisation at 30,000 atm. 

This is a very significant result, which for the first 
time proves the influence of pressure on the trans- 
formation diamond to graphite and at the same time 
establishes the approximate position of one point of 
the transformation curve IV (Fig. 2). With this point, 
the general course of this curve is obtained in the first 
approximation, and from the intersection with the 
extrapolated melting curve gives a first indication of the 
transformation triple point (Fig. 1). It is here assumed, 
of course, that in the region of the extrapolations no 
new modifications appear. From the many investi- 
gations which have been carried out under the most 
extreme pressure-temperature conditions, in particular 
those of Bridgman, Basset, and Giinther, which always 
yielded only the usual graphite, this assumption should 
be correct. 

These experiments are of the greatest fundamental 
importance for the shape of the phase diagram, but it 
appears very doubtful whether it may be profitable 
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to attempt diamond synthesis in this way, i.e., by trans» 
formation in the solid state (or from the pure melt) 
since both these starting phases favour the nucleation 
and growth of graphite both stably and metastably to 
an unusual degree, and still disfavour nucleation growth 
of diamond in its region of stability. More hopeful for 
synthesis appear methods which avoid the particular 
difficulties of migration and nucleation of the direct 
graphite transformation and which supply the carbon 
at a moderate temperature of about 1500° K with a 
sufficient rate of diffusion and speed of growth. Also, 
when carrying out such tests, the conditions of stable 
formation must be maintained, as already indicated, 
but here, in contrast with the transformation in the solid 
state or from the melt, the lowest values of the stable 
range suffice, i.e., for the presumed conditions of forma- 
tion in nature about 1500° K or less, and about 25,000 
atm or less. Thus, conditions are given which are com- 
patible with the facilities of present-day engineering 
technique. The general conclusions and recommenda- 
tions may be summarised as follows :— 

(1) Metastable nucleation and growth of diamond 
is practically excluded for reasons of reaction kinetics. 
Its formation can be attempted only within its range of 
stability. 

(2) The initial phase must be as free as possible 
from aromatic or graphitic groups, including C, mole- 
cules. 

(3) Even in the stable formation range of diamond, 
the metastable formation of graphite nuclei is the 
kinetically preferred process. Diamond seeding or other 
inoculations for diamond formation are therefore 
necessary. 

(4) Sufficient atomic migration has to be provided 
without an unnecessary increase in temperature. Con- 
sequently, suitable mineralisers have to be found. 

This shows that thermodynamically, as well as 
kinetically, diamond synthesis is fraught with quite 
unusual difficulties, though these are certainly not 
insuperable. These difficulties, the full magnitude of 
which has only recently been realised to an ever- 
increasing extent, fully explain the failure of all attempts 
known up to the present. 
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Corrosion Resistance of Cupro-Nickel Alloys 
Containing 10 to 30% Nickel 


By l’. L. LAQUE. 


(From Corrosion, Vol. 10, No. 11, November 1954, pp. 391-399, 5 illustrations, 15 tables.) 


There has been a gradual extension to industries other than that of power generation of cupro-nickel 


alloys containing 10 to 30%, nickel. 


This article provides information on the resistance of these alloys 


to corrosives other than cooling waters; the results of certain tests on these alloys under various stresses 
and exposure to different environments are outlined. 


CUPRO-NICKEL alloys containing 10 to 30% nickel 
have come into rather extensive use, principally in the 
form of tubes for heat exchangers, where they have 
been chosen primarily to resist attack by salt waters 
used for cooling. More recently, there has been con- 
siderable application for tubes in boiler feedwater 
heaters. In this service the desired feature of the alloys 
has been their superiority over other copper alloys in 
maintaining strength at the elevated temperatures en- 
countered in modern high-pressure steam power plant. 

In these common applications the principal require- 
ments of corrosion resistance have involved resistance 
to impingement attack, erosion, and pitting by salt 
waters, and steam and boiler waters. A considerable 
mass of data has been accumulated and various papers!~® 
have been published regarding behaviour in salt waters. 

Their applications in marine and power service 
have gradually been extended to other industries, es- 
pecially in petroleum and chemical process equipment. 
Here again, the principal uses have been in the form of 
tubes for heat exchangers, although the alloys are 
available in most other wrought forms. Thus, there is 
considerable interest in how these alloys may resist 
attack by corrosive media other than the waters used 
for cooling purposes. 

Data on the corrosion-resistant characteristics of 
the cupro-nickel alloys have been secured in two 
principal ways, i.e., (1) systematic studies of a series of 
varying nickel content in particular media chosen to 
disclose basic effects of composition; and (2) spot 
plant tests of commercial alloys exposed in operating 
equipment. 


BasIC CONSIDERATIONS 

Copper and nickel are soluble in each other in all 
proportions. The phase diagram, a classical example 
of its type, shows a continuous series of solid solutions 
with no eutectics, intermetallic compounds, or phases 
of different composition. Thus, all the alloys can be 
expected to be homogeneous and free from selective 
attack or the peculiar forms of corrosion that are some- 
times encountered in heterogeneous alloys. It can also 
be expected that effects of composition on corrosion 
in many environments will show gradual trends reflect- 
ing some powerful effect of either nickel or copper. 

In the electromotive series, copper lies on the more 
noble side of hydrogen, with a standard potential of 
| 0-345 V, while nickel lies on the less noble side with 
a standard potential of — 0-250 V. Thus, the high- 
copper alloys should inherently be more corrosion- 
resistant than the high-nickel alloys. However, nickel 
has the property of acquiring passivity in media of 
adequate oxidising power, so that, in some environ- 
ments, high-nickel alloys resist corrosion better than 
high-copper alloys. These opposing trends are illus- 
trated in Fig. 1, based on tests in aerated 63%, sulphuric 
acid at 95° C, reported by Irmann, and tests in 20%, 
nitric acid undertaken by Waehlert and summarised 
in a paper by Landau and Oldach*. Some additional 
trend effects were illustrated by data from tests in 
several media reported by Claus and Herrman’. 

On the basis of theoretical considerations involving 
the nature of the electron configuration of the atom and 
supported by data on corrosion in some environments, 
Uhlig® concluded that copper-nickel alloys would de- 
monstrate characteristics of passivity when the nickel 
content exceeded 40°. Thus, those alloys containing 
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30% or less nickel lie below the critical limit for passivity 
and should rarely demonstrate the kind of behaviour 
typical of passive compositions. Such behaviour in- 
cludes highly localised attack—pitting—which is usually 
undesirable and, therefore, the 10 to 30% nickel alloys 
benefit from this favourable aspect of their fundamental 
composition effects. 
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Not immediately related to the mechanisms just 
described are effects on corrosion resistance which 
appear to reflect more directly the influence of a power- 
ful corrosion-resisting characteristic of nickel as com- 
pared with copper. For example, nickel is much more 
resistant than copper to corrosion by strong alkalis. It 
might be expected that the nickel-copper alloys would 
reflect this property roughly in proportion to the nickel 
content of the alloy, and this is actually the case. 

Similarly, nickel is superior to copper in resisting 
corrosion by solutions of ammonium hydroxide. As a 
result, attack of copper-nickel alloys by ammonium 
hydroxide solutions would be expected to decrease 
with increasing nickel content, and indeed it does, as 
shown by data from Skortcheletti and Idelchik®, plotted 
in Fig. 2. A similar trend was shown in tests by Rawdon 
and Groesbeck!® which involved exposure to normal 
ammonium hydroxide at 30°C. In the unaerated 
solution, copper was corroded at a rate of 197 mdd, 
nickel at a rate of 1 mdd, and 29°, nickel alloy at a rate 
of 1-3 mdd. Aeration increased the rate for copper to 
574 mdd, but did not increase the corrosion of nickel 
or the 29% nickel alloy above the rates observed in the 
unaerated solution. 

Studies of stress-corrosion cracking susceptibilities 
regularly make use of ammonia or ammonia vapour as 
the specific corroding and cracking agent. Such in- 
vestigations regularly show that the cupro-nickel alloys 
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Fig. 2. Effect of nickel content on corrosion of cupro-nickel 
alloys by unaerated 12°, NH,OH. 
are superior to copper and other copper-base alloys in 
resisting both corrosion and cracking!! in vapours 
containing ammonia. 

A 70/30 cupro-nickel alloy tubing was tested by 
Bulow with residual stresses resulting from cold drawing 
(50%) in an ammoniacal atmosphere, using a technique 
described in his paper before the American Society for 
Testing Materials!?. His data, comparing red brass and 
70/30 cupro-nickel, are plotted in Fig. 3. The coincidence 
between the loss in strength and loss in weight of cupro- 
nickel alloys is evidence of freedom from intergranular 
attack. 
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The advantage of cupro-nickel alloys with respect 
to resisting corrosion by ammonia is of practical im- 
portance where the concentration of ammonia is low 
—as in steam contaminated with ammonia, such as 
may be encountered, for example, in vapours from 
sugar liquors used for heating in multiple-effect evapo- 
rators. Comparative tests in ammonia vapours were 
carried out by Breckon! and his associates in the labora- 
tories of The Yorkshire Copper & Brass Company, 
Leeds. Vapours from a boiling solution containing 
0:4°% by weight ammonia were allowed to condense in 
tubes of the alloys under test. The extent of corrosion 
was determined by analysis of the copper contents of 
the condensates. Under such conditions, it was found 
that aluminium brass (21% zinc, 2% aluminium), 
Admiralty brass, and yellow brass (70% copper, 30% 
zinc) were corroded at about the same rate, which was 
20 times that of a cupro-nickel alloy containing 10% 
nickel, and 400 times that of a cupro-nickel alloy con- 
taining 30°, nickel. Similar tests with other concen- 
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trations of ammonia showed that with higher concen- 
trations the. differences among the alloys became 
narrower, while with lower concentrations the superiority 
of the cupro-nickels over the brasses became greater. 
In some environments, both nickel and copper are 
subject to severe attack, so that no advantage can be 
anticipated from the addition of nickel to copper. An 
example of this is provided by behaviour in contact 
with hydrogen sulphide and other sulphur compounds 
at elevated temperatures, where the cupro-nickel alloys 
under discussion are subject to rapid corrosion. This 
does not extend, however, to hydrogen sulphide, etc, 
encountered in various solutions at lower temperatures, 
e.g., polluted salt water, in which the cupro-nickel 
alloys regularly demonstrate excellent resistance to 
attack?-*, depending upon type and extent of pollution. 


PERFORMANCE IN SPECIFIC SERVICES 


During the past twenty years, specimens of the 
cupro-nickel alloys have been included in several hun- 
dred tests carried out by exposing specimens in various 
types of operating equipment, particularly in the chemi- 
cal and process industries. This has yielded a large mass 
of miscellaneous data pertaining to specific conditions. 
The specimens used for these field tests were of com- 
mercial production and contained the usual amounts of 
other elements. Of these, the most important, from 
the point of view of corrosion, was iron, which was 
added to the cupro-nickel alloys to enhance their re- 
sistance to corrosion and erosion by salt water. In the 
case of the 30% nickel alloy, the desired range of iron 
content was specified at one time to be between 0:25 
and 0-60°%. At present, the preferred range is 0-40 to 
0-70% iron. With the 10% nickel alloy, two iron con- 
tents have been favoured—one around 0-8°%, and one 
around 1-5°%,. Current specifications permit a range in 
iron from 0-50 to 2%, while the U.S. Navy specification 
calls for iron from 1-0 to 1°75°% 14 15, 


WATERS OTHER THAN SALT WATERS 


From time to time, specimens have been exposed 
in various waters, including types which might be used 
for cooling purposes. 

As mentioned previously, the cupro-nickel alloys 
are used regularly as tubes in boiler feedwater systems. 
Their ability to withstand corrosion in this service has 
been demonstrated more by their satisfactory perfor- 
mance in many installations than by results of quanti- 
tative corrosion tests. Collins!® included 80/20 and 
70/30 cupro-nickel specimens in a study of corrosion 
in boiler feedwater treating systems. Specimens were 
exposed to water at 120-150° F for 65 days. The water 
was saturated with oxygen and contained 1 to 4 ppm 
CO, at a pH of 7-4 to 7:8. The cupro-nickel alloys 
suffered negligible corrosion, while copper and various 
brasses were corroded at rates of 3 to 4 mils per year. 

Some data on corrosion by steam condensate from 
turbines at high temperatures were provided by tests 
carried out by Ristroph and Powell!?. These investi- 
gators were concerned primarily with the amounts of 
metals that might be picked up by condensate as a 
result of contact with the alloys, as they might be used 
in boiler fecdwater heaters. From their observations, 
it was calculated that a 70/30 cupro-nickel alloy might 
be corroded at a maximum rate of about 1-5 mils per 
year, i.e., about half the rate calculated for Admiralty 
brass. 

Some quantitative data were secured more directly 
by exposing specimens for 64 days at the outlet side of 
a feedwater heater operated at 1000 psi pressure at 
388° F. The water was treated to a pH of 8 to 8:5. The 
oxygen content was from 0:03 to 0-06 cc per litre, 
ammonia 0-02 ppm, and CO, practically zero. Cor- 
rosion rates, in mils per year, were found to be 0-1 for 
80/20 cupro-nickel, 0-2 for 70/30 cupro-nickel, 0-1 for 
copper, 0-07 for Admiralty brass, and 0:09 for monel. 


THE ENGINEERS’ DIGEST 








ce 


nic 
Str 


dic 


ooo 


the 
un- 
ous 
mi- 
ass 


ym- 
; of 


te- 


sed 
sed 











AMMONIACAL SOLUTIONS 


Resistance to amine solutions, as used for scrubbing 
gases, depends largely on what else is present. Where 
conditions are strongly reducing, resistance to corrosion 
is quite good. For example, specimens of 70/30 cupro- 
nickel, exposed for 100 days in a monoethanolamine 
stripping tower in a plant used for removing carbon 
dioxide from hydrogen at 180 to 220 F, were corroded 
at a rate of only 1-9 mils per year with no pitting. The 
monoethanolamine itself can be quite corrosive to 70/30 
cupro-nickel in the presence of oxygen. In a 5-day 
laboratory test in an aerated 15% solution at 140° F, 
the rate of attack was 250 mils per year. 

Hydrogen sulphide will also accelerate attack by 
monoethanolamine, as demonstrated by tests in a 
stripping tower, reported by Wilten'®. Similar high 
rates of attack for 70/30 cupro-nickel were observed 
in a gas water separator on a diethanolamine reactivator 
in a Gerbitol plant. Specimens of copper and 70/30 
cupro-nickel were destroyed during a 230-day test at 
75° F. The solution was reported to contain H.S, 
HCN, HCNS, NH;, and NH,OH. A similar fate befell 
specimens exposed for 483 days opposite the re-boiler 
inlet in a reactivator tower handling at 228° F a solution 
which contained 11 to 15%, diethanolamine and 10 to 
50 grains H.S per gallon. 

Corrosion by ammonia in non-condensible gases is 
sometimes encountered in sugar-liquor evaporators, 
in which the steam used for heating comes from pre- 
ceding effects. Attack is generally localised in the form 
of a groove on the steam side of the tube just below the 
top tube sheet. Substitution of 90/10 cupro-nickel for 
the yellow brass ordinarily used in this service has 
eliminated failures from this source, as described in a 
paper by Tyrer and Richardson”. 


BRINES 


As might be anticipated from the satisfactory 
behaviour of cupro-nickel alloys in salt water, they 
also demonstrate excellent resistance to corrosion by 
brines, as encountered in salt plants, etc. 


ALKALINE SOLUTIONS 


The resistance of cupro-nickel alloys to attack by 
strong alkalis is determined principally by the nickel 
content, as illustrated by Fig. 1. Resistance extends to 
even more concentrated solutions, but not to fused 
caustic soda, as shown by laboratory tests over three 
ranges of concentration, summarised in Table I 


TABLE I, RESULTS OF TESTS OF CUPRO-NICKEL ALLOYS IN CON- 
CENTRATED CAUSTIC SODA 


| 





Corrosion rates, 














Range of mils per year 
concentration, Temperature, | | | 
80/20 70/30 
% NaOH “Fe Copper | Cu-Ni | Cu-Ni 
60-75 | 300-350 | 41 | 6 4 
60-100 | 300-500 92 21 21 
100 750 786 756 692 





The 70/30 cupro-nickel alloy has been used success- 
fully as tubes in evaporators for concentrating caustic 
soda to about 50°, where copper pick-up by the caustic 
could be tolerated. 

The ability to resist alkaline attack is also useful in 
processes involving treatment of other chemicals with 
caustic soda for neutralisation or other reactions. For 
example, in the treatment of lignosulphonic acids with 
caustic soda in the manufacture of vanillin, specimens 
of 70/30 cupro-nickel exposed in an evaporator at 212° F 
for 502 hours were corroded at a rate of only 0-4 mil 
per year, whereas copper specimens were corroded at a 
rate of 19 mils per year. Similarly, in an agitator for 
treating oil with lye, specimens of 70/30 cupro-nickel 
were corroded at a rate of only 0-1 mil per year in a 37-day 
test. 

While corrosion by caustic solutions may be aggra- 
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vated by the presence of sulphur compounds, the 
cupro-nickel alloys are able to resist attack under many 
conditions. 


PETROLEUM PRODUCTS CONTAINING HYDROGEN 
SULPHIDE 


Insofar as cupro-nickel alloys are concerned, the 
presence of hydrogen sulphide and the temperature 
reached by the metal are the principal factors deter- 
mining the extent of corrosion. Performance is generally 
satisfactory, even in the presence of H,S at moderate 
temperatures; at elevated temperatures, however, 
severe attack will occur. It is difficult to establish a 
critical temperature for the incidence of severe attack, 
but it may be assumed that severe attack by H,S will 
occur at temperatures over 400° F for the 30% nickel 
alloy, and over 300° F for the 10% nickel alloy. Below 
these temperatures, performance of the cupro-nickel 
alloys will generally be fair to good but usually inferior 
to that of the high-zinc brasses, such as Admiralty brass. 

While, as indicated, resistance to corrosion by 
sulphur compounds on the vapour side would not call 
for the use of cupro-nickels, there may be instances 
where better performance on the cooling-water side 
would justify the choice of the cupro-nickels in pre- 
ference to brasses. The cooling effect of the water will 
often hold metal-wall temperatures on the vapour side 
to a level where attack of the cupro-nickels by sulphur 
compounds will be tolerable. 


CHLORINATED SOLVENTS 


Ordinarily, the cupro-nickels can be expected to 
demonstrate good resistance to attack by chlorinated 
solvents, as indicated by the data assembled in Table II. 
However, there may be exceptions in the case of carbon 
tetrachloride. In a particular test, specimens of 70/30 


(Concluded on page 516) 
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SWITZERLAND 


Sintered Aluminium Powder 


By R. IRMANN. 


IN 1946, the Research Institute of Aluminium-Industrie 
A.G., of Neuhausen, made the surprising discovery 
that, if pure aluminium is pressed, sintered, and ex- 
truded, the result is a product whose properties are 
fundamentally different from those of pure aluminium 
and aluminium alloys.* In contrast with these, the 
strength of sintered aluminium powder (SAP) is 
approximately the same as that of fully heat-treated 
Anticorodal (Al-Cu alloy), and is not affected by heating 
even to temperatures of up to 550° C 


MANUFACTURE FROM PURE ALUMINIUM POWDER 


Figs. la, b, and c show enlargements of powder 
particles obtained by the Hametag grinding process. 
The oxide content amounts to about 13%. The thick- 
ness of the oxide layer is below 0:01 y, and that of the 
aluminium nucleus above 0:01 », mostly amounting to 
several tenths of a micron. If the aluminium is sublimed 
in a stream of HCl, the oxide layer is obtained as the 
residue. 

The width and length of the particles are multiples of 
their thickness and it can be seen from Fig. la that 
frequently a number of them are welded together, so 
that particle size determination by a screening process 
seems to be impossible. The particles possess very 
considerable volume, with a specific gravity of approxi- 
mately 0-1 to 0-2. It is possible, with an oxide content 
of, for example, 13%, to produce a powder with a 
specific gravity of up to 1-0, and this is, of course, an 
advantage from the industrial point of view. 

If the powder is cold-pressed, sintered, hot-pressed, 
and then extruded, a product of the above-mentioned 
properties results. The great strength of the material 
is due to its small particle size, which reduces slip. The 
oxide skin of the particles prevents grain growth and 
recrystallisation. Bonding of the particles is facilitated 
by the plasticity of the soft, pure aluminium matrix, 
while the oxide skins are broken, though only partly, 
and permit diffusion. 

If coarse pure aluminium powders, whose small 
surface area entails a low oxide content, are used, low 
strengths will result, while with finer powders pos- 
sessing a higher oxide content, higher strengths will 
be obtained. With an additional increase in the oxide 
content, diffusion would probably decrease, so that, 
after attaining a maximum, the strength would diminish 
and only the hardness would increase. The oxide skin 
produced in the course of grinding can be made thicker 
by suitable processes, so that a powder with the same 
particle size and shape, but with a higher oxide content, 


* See also The Engineers’ Digest, January 1952, pp. 9-12. 


(From Schweizer Archiv, Vol. 20, No. 10, October 1954, pp. 327-334, 18 illustrations.) 


is obtained, and in fact a sintered material then pro- 
duced from it possesses greater strength. However, a 
thicker oxide skin does not lead to the same degrees of 
strength as smaller particles with the same oxide content. 


BEHAVIOUR AT ROOM TEMPERATURE AND AT ELEVATED 
‘TEMPERATURES 


Sintered aluminium powder was compared with 
Alloy Y (Al-Cu-Ni-Mg), the aluminium alloy reputed 
to have the highest heat resistance. If heat-treated 
Alloy Y is heated for a year to 500° C, then tested at 
room temperature and at heating temperature, a diminu- 
tion in strength will be apparent after 200°C. The 
strength of SAP, heated to 600° C, is far superior to 
that of Alloy Y. For example, the tensile strength of 
SAP at room temperature, after heating to 500° C, was 
35 kg/mm2, while that of Alloy Y was 15 kg/mm?. At 
500° C, the respective tensile strengths are 10 kg/mm? 
and 1 kg/mm?. 


CREEP BEHAVIOUR AND FATIGUE STRENGTH 


The creep behaviour of SAP with about 13° oxide 
was compared with that of heat-treated and stabilised 
Alloy Y at temperatures up to 400° C, the assumed 
limit being the load at which permanent elongation did 
not exceed 0:2%. Hardened Alloy Y was tested up to 
200 and 2000 hours, and stabilised Alloy Y up to 2000 
hours. SAP, as no recrystallisation and softening 
occurs, was tested up to 720 hours. As shown in Fig. 2, 
the creep strength of Alloy Y dropped to the values of 
the stabilised material (Curve 3) after 200 hours at 
200° C (Curve 1), and after 2000 hours at 250°C 
(Curve 2). At 400°C it amounted to 1 kg/mm?, as 
against 7-5 kg/mm? for SAP (Curve 4). 

Comparison of the fatigue strength of SAP and 
heat-treated Alloy Y shows that at room temperature 
the values for SAP are lower. At 350° C, where the 
stabilised form of the alloy must be used, owing to its 
rapid softening, the values for SAP far exceed those of 
Alloy Y. 


OXIDE CONTENT AND PHYSICAL PROPERTIES 


As SAP consists of aluminium and aluminium 
oxide, it has no melting point proper. Heated above 
660° C, the melting point of pure aluminium, it becomes 
a pasty mass, but does not change its form, though its 
strength is lost. 

The specific gravity of SAP is approximately 2:8, 
i.e., higher than that of pure aluminium, owing to the 
oxide content. Electrical and thermal conductivities 
(Fig. 3) are approximately proportional to the oxide 





Fig. 1. Photomicrographs of powder particles obtained by the Hametag grinding process. 


(a) ~ 1003; (b) 
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~ 1000; (c) 


~ 10,000. 
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content. No residual thermal dilation has been ob- 


served. The conductivities of SAP with 13°, oxide 
are closer to those of pure aluminium than the con- 
ductivities of aluminium alloys, so that it appears that 
the oxide skins affect conductivity less than the alloying 
elements. 
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Influence of oxide content on electrical and thermal 


Fig. 3. 
conductivities, 


The modulus of elasticity is also approximately 
proportional to the oxide content, i.e., to the particle 
surface area, rising from 6200 kg/mm? at 0°% oxide to 
7700 kg/mm? at 20°, oxide. 

The corrosion resistance of SAP is the same as that 
of pure aluminium, and there is also no tendency to- 
wards stress corrosion. 


FORGING AND MACHINING 

Forging of SAP must be carried out at elevated 
temperatures, generally between 500 and 600° C, and 
under high pressures. The specific pressures required 
for even a 30%, deformation are considerably higher 
for SAP than for pure aluminium or aluminium alloys, 
though greater deformations are of course possible. 
There is also the possibility of providing forged parts, 
such as pistons, with SAP inserts at the points where 
they are most exposed to thermal stress. 

Experience has shown that it is best to work SAP 


DECEMBER, §954 Volume 15, No. 12 


at high speed. For very great deformations or un- 
favourable cross-sectional transitions, SAP with a lower 
oxide content, which is more malleable, can be used. 

In machining operations, SAP produces a shorter 
chip than heat-treated aluminium alloys, and its oxide 
content does not cause increased tool wear. 


ALLOYED SINTERED ALUMINIUM POWDER 


The strength of pure aluminium SAP can be 
further increased by the addition of alloying elements, 
either by producing an alloyed powder and subjecting it 
to further treatment, or by producing alloys by diffusion 
from mixtures of pure aluminium powders with, for 
instance, zinc, magnesium, silicon, or copper powder. 
Experiments have established that diffusion proceeds 
far more rapidly in SAP than in pure aluminium, and 
this has also been confirmed in practice. 

Fusion welding of SAP is impossible, because of 
its oxide content, but seam and spot welding, using 
easily diffusible intermediate layers of aluminium or 
zinc, is entirely practicable. Gas welding is possible 
without any special measures, as here the fusion zone 
is forced away and only a diffusion zone remains. 

Experiments carried out with alloyed SAP related 
chiefly to Al-Cu and Al-Cu-Mg alloys. 5%, copper 
was added in powder form (< 40,) to the pure alu- 
minium powder containing 13% oxide; the Cu-Mg 
was also used in the stoichiometric composition Cu,Mg. 
The powders were cold-pressed, sintered at 500° C, 
hot-pressed, and extruded. Experiments with a 10% 
oxide powder produced from Avional (4% Cu, 0-6% 
Mg, 0-5 Mn) treated in the same way, produced sub- 
stantially the same results. 

Comparative tests between pure aluminium SAP 
(10% oxide) and Avional SAP (10% oxide) showed 
that, if both are kept for six months at temperatures of 
up to 500° C, the Avional SAP, after being heated to 
100° C, possesses increased tensile strength at room 
temperature (Fig. 4) and then rapidly deteriorates ; 
after being heated to over 300° C, its strength is on a 
level with that of pure aluminium SAP. If the test is 
carried out, after heating, at the heating temperature, 
the tensile strength of Avional SAP drops to the value 
of that of pure aluminium SAP, while at 500° C it is 
about twice as high. 
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Fig. 4. Tensile strength of Avional SAP and pure aluminium 
P after heating for six months. 
(1) Avional SAP, heat-treated. 
(2) Pure aluminium SAP. 


Comparison of the age-hardening behaviour of 
Avional SAP and smelted Avional (Fig. 5) shows the 
following :—At room temperature the hardness of 
smelted Avional increases from its original 75 kg/mm? 
to 85 kg/mm? after solution treatment, and within 
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Fig. 5. 


four days reaches a maximum of about 110 kg/mm. 
If age-hardening takes place at 160° C, hardness in- 
creases more rapidly, reaches a maximum of approxi- 
mately 125 kg/mm? in about three days, and then 
diminishes. The hardness of Avional SAP, on the other 
hand, immediately increases from 80 to 115 kg/mm? 
at room temperature after solution treatment, and then 
remains unchanged. At 160°C a maximum of 135 
kg/mm? is reached in about one day, followed by a 
gradual drop. 
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Fig. 6. Influence on tensile strength and elongation of 
oxide content with different copper contents. 
(1) Tensile strength. 


(2) Tensile strength after heat treatment. 
(3) Elongation. 


Fig. 6 shows the results of tensile-strength and 
elongation tests on pure aluminium powders, of dif- 
ferent fineness and oxide content, mixed with 0°,, 1°, 
and 4°, of copper, and pressed, sintered, and extruded. 
At the same time, the sinter products containing 1°, 
and 4°, of copper were heat-treated at 500°C and 
age-hardened for four days. There was only a slight 
increase in strength with identical oxide content and 
increasing copper content. Elongation was unaffected. 
The effect of heat treatment completely disappeared 
after heating to about 400° C for 10 hours. 

It is concluded from the above results that, as re- 
gards strength, and particularly heat resistance, the 
oxide content of the pure aluminium powder, or rather 
the surface area of the particles, is decisive. At the 
same time, alloyed SAP is also of interest in some cases, 
owing to certain special physical properties, such as 
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lower thermal expansion and higher wear resistance. 
The wear resistance of 13°, oxide pure aluminium 
SAP is equal to that of normal piston alloys, but it is 
possible to produce SAP components with an oxygen- 
enriched surface, and with greater hardness and wear 
resistance. 


APPLICATIONS OF SINTERED ALUMINIUM POWDER 


SAP materials are more expensive to produce than 
those made from conventional aluminium alloys. These 
materials are manufactured in sections, tubes, sheets, 
and forgings. Particularly interesting properties relate 
to specific gravity, thermal resistance, stability after 
heating up to 550°C, thermal conductivity, thermal 
expansion, electrical conductivity, corrosion resistance, 
and wear resistance. Accordingly, SAP materials are 
suitable for employment in the motor and _ aircraft 
industries for pistons, piston inserts, compressor blades 
for jet engines, and skins of supersonic aircraft, and in 
other industries for a variety of parts, including gas- 
turbine seals, heat exchangers, and wear-resistant 
components. 





CORROSION RESISTANCE OF CUPRO- 
NICKEL ALLOYS CONTAINING 10 TO 
30°, NICKEL 
(Concluded from page 513) 


cupro-nickel, partially immersed in a boiling mixture 
of carbon tetrachloride and distilled water, were cor- 
roded at the amazingly high rate of 850 mils per year. 
The specimens were cut through at the top of the water 
layer in 63 hours. This may well have been due to the 
auto-accelerative effects of the copper chloride which 
accumulated in the water layer as corrosion proceeded. 
Similarly high rates of attack might not be encountered 
in the absence of a substantial water layer and where 
equal opportunity for accumulation of corrosive cor- 
rosion products would not exist. However, this result 
indicates the conditions which should be avoided. 


TaBLeE II. RESULTS OF TESTS IN CHLORINATED HYDROCARBONS 





| | Rates of corrosion, | 
| | mils per year 
; 








Conditions of Duration, | | Remarks 
exposure | lays 70/30 | 
| | Cu-Ni | Copper | 
In inlet of condenser | 
from chlorobenzol | | | 
distillation unit at | ; 
210°-360° F anil 4 ;} 1 2 | No pitting 
In 2:4 dichlorophe- | | | | 
nol at top of packing | 
in distillation col- | | | | ; 
umn at 265°-300° F | 21 5 | 10 | No pitting 
Immersed in wet | | 
ethylene dichloride | | mes 
algs’F....| 28 | 0-2 | — —|Nopitting 





SULPHURIC ACID 


As might be anticipated, the cupro-nickels resist 
sulphuric acid very well. As is the case with copper 
and other copper-base alloys, corrosion is accelerated 
by aeration and by the presence of other oxidising 
agents ; best performance is secured under reducing 
conditions. 


PAPER-STOCK SUSPENSIONS 


There has been considerable interest in the use of 
cupro-nickel alloys in the form of centrifugal castings 
for perforated rolls on Fourdrinier paper machines. 
The desired advantages were greater strength and es- 
pecially stiffness or rigidity due to the higher modulus 
of elasticity of the nickel alloys, as compared with the 
bronzes ordinarily used. A high resistance to corrosion 
and erosion is also required. 
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By A. WILCZEK. 


Tue production of wire from highly refined steel is 
markedly different from the method used for commercial 
mild and semi-hard steels. In the case of highly 
refined steel, the smelting process is already adjusted 
for a high-quality product. Steel for ordinary, com- 
mercial-quality wire is usually produced in a Thomas 
converter or in an open-hearth furnace. The material 
for high-quality wire is mainly the product of the 
electric furnace. Only a small proportion of high- 
quality wire is made from open-hearth steel. 

Steel produced in the electric furnace has several 
advantages over that made by other methods. The high 
degree of purity and the uniformity of its composition 
ensure a material of great consistency and quality. For 
alloyed or highly alloyed steels such as nickel, chromium, 
tungsten, high-speed and stainless steel, and also for 
heavy-duty unalloyed steel, only the electric furnace 
method need be considered. The open-hearth process 
furnishes only lightly alloyed or unalloyed steel. 

High-quality steel wires are usually made in diameters 
up to 15 mm or, in the case of profile wires, with a 
corresponding cross-sectional area. The reel weight of 
the rolled wire is generally less than that of wrought- 
iron wire, about 20 to 80 kg. This smaller weight is 
chiefly due to the closer temperature limits imposed by 
the hot rolling of highly refined steel wires. 

Quality control of the raw material, i.e., the rolled 
wire, is of paramount importance, as cost and quality 
of the final product depend largely on such control. A 
percentage of each reel, or occasionally an entire reel, 
is subjected to a number of tests for surface cracks, 
excess rolling, porosity, etc. Apart from this, attention 
must be paid to the structural composition of the 
material. Steel having a high carbon content should 
be tested for surface decarburisation. This is particu- 
larly important, as the decarburised layer is sometimes 
so deep as to necessitate rejection of the entire reel. 
Material with a coarse-grained structure may also have 
to be rejected. A skilled tester can usually tell from 
the appearance of the fractured surface whether the 
structure is flawless. Alternatively, hardness, spark, and 
grinding tests should be made. Experience has shown 
that strict quality control of the incoming material is 
most important. The additional cost involved is negli- 
gible compared with the cost of passing faulty material 
through all stages of manufacture, only to be finally 
rejected. 

Most wires made from highly refined steel have to 
undergo heat treatment in the hot-rolled state. Mild 
or semi-hard steels—unalloyed or lightly alloyed—are 
usually drawn after rolling. 

Alloyed, case-hardening, and jackmanised steel, 
alloyed and unalloyed tool steel, as well as highly alloyed 
steel, must be annealed prior to drawing. The austenitic 
types, such as manganese and stainless nickel-chrome 
steel, are quenched from a high temperature of about 
1100° C, in order to make them more ductile. 

Great care must be taken during the annealing 
process to prevent excessive scaling or decarburisation 
of the wire surface. Scale, formed when insufficient air 
is present, adheres very closely to the wire surface and 
can be removed only with difficulty by pickling or by 
mechanical means ; this, of course, has a deteriorating 
effect on the wire surface. Annealing should therefore 
always be carried out in an oxidising atmosphere, 
whereby surface decarburisation is avoided as far as 
possible, as it is only permissible to a very small degree 
in wires made from highly refined steel. 

Flawless rolled wire is annealed in a protective 
atmosphere after removal of the rolling scale through 
pickling ; however, wire with some degree of surface 
decarburisation should be annealed with its scale. Open- 
hearth annealing with an oxidising flame permits only 
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Wire-Drawing Technique with Highly Refined Steel 


(From Draht (English Edition), October 1954, pp. 39-42, 3 illustrations.) 


a small proportion of the decarburised layer to be re- 
moved, and repetition of this process would deteriorate 
the wire surface and structure. In order to prevent 
this, it is now general practice to create an oxidising 
atmosphere in the annealing chamber by means of a 
continuous supply of oxygen or air. A good surface can 
be produced with dry air, provided the scale adheres only 
loosely, but it permits only a very small proportion of 
the decarburised layer to be removed. Annealing in an 
oxygen stream, however, produces very good results, 
as a single annealing run will scale away as much as 
0-2 mm. This does not damage the surface in any way 
and the scale is easily removable. Skilful use of this 
method enables decarburised, useless wire to be re- 
claimed. When dealing with highly refined steel wires, 
it is in any case advisable to use an atmosphere of 
oxygen for the first annealing run, where skin-sensitive 
wires are concerned. Experience has shown that the 
additional cost is negligible. 

Experiments have established that annealing in 
Oxygen imposes an upper temperature limit of 750° C, 
which must not be exceeded if rapid decarburisation 
is to be avoided ; the carbon content decreases not only 
at the surface but nearly uniformly into the core. 

The success of annealing in oxygen also depends to 
some extent on the thorough removal of moisture from 
the wire reels before they enter the annealing chamber 
(newly rolled material is usually dry). Rolled wire 
which has been in storage for some time must be dried 
at a low heat for several hours before use. Any moisture 
present would be split into oxygen and hydrogen, the 
latter causing decarburisation through its reducing effect. 

Oxygen is supplied to the annealing furnace when 
the temperature reaches 500°C. This temperature is 
then raised to the annealing level and maintained for 
several hours, according to the weight of the charge, 
oxygen being supplied throughout this time. The tem- 
perature is then slowly reduced to 500°C when the 
oxygen is cut off. 

The pickling of highly refined steel wires which are 
unalloyed or only lightly alloyed takes place in a 10 to 
20% solution of sulphuric or hydrochloric acid. Sul- 
phuric acid is used at a temperature of 50 to 70°C, 
whereas hydrochloric acid is used at room temperature. 
High-quality steel is usually pickled in acid mixtures of 
different composition, of which the following have been 
found most reliable :— 

(1) For stainless nickel-chromium steel (austenitic) :— 
Water 100 parts; nitric acid 20 parts; hydrochloric 
acid 6 parts ; hydrofluoric acid 2 parts. 

(2) For stainless steel with a chromium basis (ferritic 
and martensitic):—Water 100 parts ; hydrochloric acid 
20 parts ; hydrofluoric acid 1 part. 

Other chemicals are usually added to the pickling 
bath, to reduce excessive pickling and possible damage 
to the metal. 

It has recently become practicable to remove the 
rolling scale by mechanical means only, without any 
subsequent pickling. This, however, applies only to 
mild-steel wires, as the flexibility requirements are too 
great for highly refined steel. 

Highly refined steel is almost always drawn as bright 
wire. Drawing oil, drawing grease, and drawing soap 
are the lubricants in normal use. After pickling, the 
wire is allowed to acquire a little surface rust; this 
facilitates adhesion of the lime coating and thereby the 
lubrication. Special coatings have been developed for 
use with very hard stainless steel; these reduce the 
number of necessary drafts and annealing runs. 

Structural changes resulting from the drawing pro- 
cess are particularly noticeable in highly refined steel. 
These changes depend on the alloy composition and the 
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TABLE I. CHANGES IN STRENGTH CHARACTERISTICS OF COLD-DRAWN STEEL WIRE 15%; after annealing, the wire is 
(0-1 anv 1-0%C) lightly drawn for truing purposes, 
| Tensile | | Yield | | Pe Pointing of the wire should be carried 
%*C | strength | Increase || point | Increase ‘——. oe Decrease out hot or by grinding, etc Pointing 

| tsi 9 tsi 9 | 9 % P J z 
| eee | aa hg on a reducing roller produces brittle- 

0-1 Before 23-8 | — | 42; — 26 _ ness which leads to fracture. 

raft | | | 5 cae ARO 
After 36-19 | 40 || 33:53 | 135 | 7 | 7 Steel with a composition of 0-45”, 
draft | | | C, 3% Si, and 9% Cr, is in general 
1-0) ‘Before aS eae Tilman - i we tm use for valve stems, etc. At room 
draft | | | | | temperature, this steel can no longer 
—_ | 65°08 | 38] 63-85 150 | 5 76 be cold-drawn, but heating to 100 or 
200° C permits a light draft. This 
carbon content. Table I shows changes in tensile steel is usually supplied in ground rods. Drawing, 


strength, etc., when wires of 0-1 and 1-0°, carbon 
content are reduced by 30°. 

It can be seen from the above table that the extent 
of changes is considerable. The change in yield point 
and elongation is greater than the change in tensile 
strength, and in each case the change is greater in the 
high-carbon steel. 

Table II illustrates the effect on various alloy 
compositions. 








TABLE II. CHANGES IN STRENGTH CHARACTERISTICS OF COLD- 
DRAWN ALLOY-STEEL WIRE 
pe | Tensile | || 
Composition | strength | Increase || Elongation} Decrease 
% | tsi % | % | % 
C = 0:1 Before 35°42 | — | 25 oo 
draft | i 
Ni = 2:0 After 51°7 | 54 || 8 68 
draft 
C =0:1 oe 45°2 _ 18 _ 
care eee 
Ni = 3°5 After 71-3 60 5 72 
Cr = 0-7 draft 
C =0:1 Before 34-81 — 21 a 
draft 
Cr=15 After 51-7 48 6 71 
draft 
Cc =0:1 — 45-2 _ 50 — 
_ raft 
Cr= 18 After 74:2 62 17 66 
Ni= 8 draft 




















The reduction was 30°, and the carbon content 
0-1% in all cases. Yield point and tensile strength 
approximately coincided ; this is of importance if the 
wire is to be subjected to further cold forming. A high 
yield point reduces the extent of further cold forming 
and may lead to errors if estimated according to tensile 
strength and elongation only. The high resistance to cold 
forming may lead to difficulties in the manufacturing 
process which may appear inexplicable in the light of the 
tensile strength and elongation values. In order, there- 
fore, to estimate the permissible extent of cold forming, 
it is in any case advisable to consider the yield point and 
reduction. Final annealing after the last draft is 
recommended, if further cold forming is planned. 

The drawing of austenitic stainless steel permits 
high values of tensile strength to be reached. Fig. 1 is 
a graph showing values of tensile strength of a stainless 
austenitic steel, reaching about 150 tsi at 90% cold 
forming. The low nickel content (7°) acts as a favour- 
able factor. Higher nickel contents produce a very 
strongly austenitic material which does not reach such a 
high tensile strength through cold drawing. This type 
of steel is suitable for stainless spring wire. 

Cross-sectional reduction depends chiefly on the 
quality of the material; soft, unalloyed wires are, of 
course, more ductile than alloyed or even highly alloyed 
wires. The difference becomes obvious when consider- 
ing the handling of unalloyed case-hardening, ball- 
bearing, or high-speed steels. 

Some highly refined steels, such as high-speed and 
stainless steels, can be cold-drawn only with difficulty. 
In such cases, heating to 100 to 200° C is recommended. 
Only light drafts must be used, in order to prevent 
fracture of the wire. Reductions should not exceed 
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therefore, need only be of sufficient accuracy to enable 
these rods to be fed into centreless grinders. The 
material must be heated prior to straightening into rods. 
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Fig. 1. Strength characteristics of a stainless chrome-nickel 


steel at various degrees of cold forming. 


Annealing temperature and reduction are inter- 
dependent. Unless the correct relationship between the 
two is maintained, the material may be spoilt through 
the formation of a coarse structure. For example, this 
may occur when low-carbon wire which has been re- 
duced by 10% is annealed at between 700 and 850° C. 
These wires are so brittle that fracture usually occurs 
during the drawing process; even tool steel with a 
high carbon content may acquire a coarse structure as 
the result of reducing critically with subsequent an- 
nealing. It is therefore advisable to avoid cold drawing 
between about 5 and 20°, reduction prior to annealing. 

Certain values of tensile strength can be achieved 
by cold drawing or in conjunction with heat treatment. 
These values cannot be as accurately determined as in 
hardening and tempering and thus require wider limits. 

Drawn wire should have a good, smooth surface, 
which in turn requires a high-quality rolled product. 
The surface condition also depends on the degree of 
reduction, i.e., a greater reduction produces a smoother 
surface. There are, of course, limits to the degree of 
reduction, if excessive drafts and annealing are to be 
avoided. Thin wires, which by virtue of their size 
undergo a considerable reduction, have a better ap- 
pearance than thick wires. Some of these wires are 
polished while in coil form. Wire in the form of 
straightened rods can, of course, be polished or ground 
in a centreless grinder. 


(Concluded on page 522) 
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Fuel Economy in Automobile Engines by Gas Admixtures 
to Petrol 


By Ku. D. PECHONYI. 


(From Avtoombilnaya 1 Traktornaya Promyshlennost, No. 9, September 1954, pp. 18-23, 


6 illustrations.) 
This article discusses the possibility of running automobile engines with a compression ratio of 8 on 
66-octane petrol by the introduction of one of a variety of gas fuels, including the addition of 
propane/butane mixtures to the petrol at large throttle openings. 


Tue high anti-knock properties of gas as a fuel for 
automobile engines permit an increase in compression 
ratio, with a consequent reduction in fuel consumption. 
Tests have shown that a car, with a specially modified 
compression ratio of 7-6, reduced its fuel consumption 
by about 15°, using a gas fuel, compared with the 
same car running on petrol and with a normal com- 
pression ratio of 6. 

Based on the consideration that higher compression 
ratios are possible at part throttle, the author proposed 
in 1949 to introduce the extra fuel for full-throttle 
performance in the form of a gas with high anti-knock 
properties. The admixture of gas must commence 
beyond a certain throttle opening only and should in- 
crease with further opening of the throttle. Since the 
octane number of natural gas is approximately 110 and 
that of Russian motor spirit is 66, it follows that the 
octane number of the mixture will increase as the throttle 
is further opened and will thus ensure knock-free 
operation at full power. The quantities of petrol and 
gas at which the engine develops its maximum power 
must be so chosen that a minimum combined specific 
fuel consumption is achieved without causing detona- 
tion at any throttle opening. 
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Acceleration characteristics of ZIS-156 in normal 
top gear. 


Fig. 1. 


These possibilities have been verified by tests con- 
ducted in 1953 both upon a ZIS-120 motor-car engine 
on a test-bed and in road tests with a ZIS-156 car 
equipped with alternative cylinder heads giving com- 
pression ratios of 7:3 and 7-6 respectively. The test-bed 
experiments furnished the engine characteristics both 
at the normal compression ratio of 6 and at the increased 
compression ratios of 7-3 and 7-6. To achieve the neces- 
sary lean mixture, modifications were introduced into 
the carburettor, which was tuned to achieve minimum 
specific fuel consumption at full throttle. Gas admix- 
ture was carried out by means of a metering device on 
the pressure-reducing valve of the gas cylinder. In 
each case, the most favourable adjustments were se- 
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TIME, seconds 


lected to give minimum total fuel consumption. The 
ignition advance was retained at the same value as that 
in operation with petrol at the normal compression 
ratio. Results showed that, with a compression ratio 
of 7-3 and an admixture of gas, the maximum power of 
the engine was a few per cent less than when working 
on petrol at the normal compression ratio. The com- 
bined specific fuel consumption was reduced by about 
13% at a compression ratio of 7-3 and by about 15°, at 
7:6. Petrol consumption was reduced by 44°,,. Gas con- 
sumption amounted to 75°, of the petrol consumption. 

In the road tests the same carburettor settings were 
made and the engine tuned to achieve the lowest com- 
bined specific fuel consumption on the basis of the 
loaded car travelling a measured distance along an 
asphalt-covered road at 40 km/hr in top gear. Petrol 
consumption was determined by the use of a metering 
device and gas consumption by the pressure reduction 
in a 25-litre calibrated gas bottle. Dynamic magnitudes 
were determined in these tests by means of an accelera- 
tion diagram, using a distance-time-velocity recorder 
operated by a fifth wheel. The acceleration characteris- 
tics of the ZIS-156 are shown in Fig. 1 and its fuel 
consumption characteristics in Fig. 2. It can be seen 
that, when the compression ratio « is increased from 
6 to 7:3, the combined specific fuel consumption is 
reduced by 15%, at a road speed of 50 to 60 km/hr. 

The dynamic properties of the car when running 
on petrol with a gas admixture are better than when 
running on gas alone and are, in fact, almost the same 
as those of the car with a normal compression ratio 
running on petrol. 

Long-distance road tests were carried out with two 
different compression ratios (7-6 and 7-3), laden and 
unladen, with and without a trailer, and fuelled with 
petrol and admixtures of either natural gas, producer 
gas, or gas of high calorific value. The total distance 
covered was 3000 km. These tests have shown a fuel 
economy of the same order as that predicted from test- 
bed and short-distance tests. Admixture of producer 
gas and gas of high calorific value gave a better economy 
than natural gas. 

These experiments have shown that theoretical pre- 
dictions can be fulfilled in practice. The basis for 
analytically predicted comparisons is a car engine with 
a compression ratio of 6. The author has computed the 
effects of increasing this compression ratio to 8, using 
an admixture of gas to avoid detonation. The two gases 
considered are compressed natural gas and a liquid 
mixture of 75°, propane and 25%, butane. The former 
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has a net calorific value of 8300 kcal/m* and an octane 
number of 110; the latter has a net calorific value of 
23,720 kcal/m? and an octane number of 113. The 
octane number of the mixed fuel is the weighted mean 
of the octane numbers of gas and liquid fuels. 

The author has found that the percentages by weight 
of gas fuel at full throttle are 41:5°, for compressed 
natural gas and 44%, for the propane/butane mixture. 
With a 66-octane petrol, the octane number of the com- 
pressed natural gas mixture is: 85 and that of the 
liquefied gas/petrol mixture is 87-5. 

The variation in engine power output with an in- 
creased compression ratio, running on mixed fuel, com- 
pared with the engine with a compression ratio of 6, 
running on petrol, is the net result of the increase in 
power owing to improved efficiency, and the reduction 
in power owing to the lower calorific value of the mixed 
fuel. There is also a further reduction owing to inherent 
loss of efficiency in the change-over of a standard 


NORWAY 


Icing Problems of 
By P. B. SToREBO. 


Ice can be classified into four main types, i.e., hoar- 
frost or rime, glazed frost, sleet, and snow. These types 
of ice do not occur only in such clearly distinct forms ; 
in fact, all transitional forms are possible, as well as 
continuous changes. Frequently, the composite types 
of ice formation are those occurring with the greatest 
intensity and are therefore the most dangerous. How- 
ever, it is useful to consider each main type separately. 

Hoar-frost is obtained in its pure form in a cloudless 
atmosphere. It is due to condensation or sublimation 
of the moisture contained in the air masses and its 
intensity is less than that of the other types of ice. The 
accumulation of hoar-frost on conductors depends to 
some extent on the hygroscopic properties of the con- 
ductor surface. On conductors, condensation can take 
place at lower values of relative humidity than in air. 
The saturation pressure of water vapour over water is 
greater than over ice. Therefore, if the conductor is 
already covered with some ice or snow, ice will be able 
to build up, even in the absence of clouds or fog. This 
is the case when there is already a considerable amount 
of hoar-frost on the conductor. Subsequent ice ac- 
cretion will depend on sublimation and the degree of 
saturation or supersaturation of the air relative to the ice. 

Glazed frost is formed when small supercooled drops 
of water contained in an air mass strike an object on 
which they freeze. Most clouds and fog banks contain 
water droplets, even at temperatures of 10° or 
—20°C. During freezing, the latent heat of fusion 
raises the temperature to 0°C but the heat is then 
dissipated through conduction or evaporation into the 
surrounding air. Owing to the evaporation, in most 
cases only 90%, of the water will be converted into ice. 
The heat transferred to the conductor by conduction 
will also increase ice deposition. All objects protruding 
into the air are likely to be struck by droplets. Wind 
deflects the droplets around the object and thus in- 
creases the area of ice deposition. Icing-up increases 
with wind intensity, though not quite proportionately. 

Fig. 1 shows a cross-section of a conductor, the 
streamlines of the air flowing around it being denoted 
by dotted lines. When a droplet reaches the vicinity 
of the conductor, it has a velocity v which is different 
from the value V of the air velocity. The air thus has 
a velocity relative to the droplet and acts on it with a 
viscosity force S (Stokes’s law) proportional to the 
radius of the droplet. As the mass of the latter is pro- 
portional to the cube of the radius, its acceleration will 
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(From Elektroteknisk Tidsskrift, Vol. 


petrol engine to pure gas fuel. This reduction is as- 
sumed to persist with the mixed fuel. 

The author has found that the power of the engine 
with a compression ratio of 8, operating with an ad- 
mixture of compressed natural gas, is 99%, of that of 
the pure petrol engine with a compression ratio of 6. 
If the compressed gas is replaced by the liquid propane 
butane mixture, the power is increased to 105°, of 
that of the pure petrol engine. 

On the basis of these calculations and of the tests 
on engines with their compression ratios increased to 
7:3 or 7:6, it is concluded that, when the compression 
ratio is further increased to 8, the proposed system will 
yield under average road conditions a saving of about 
30°, in petrol and will require a consumption of 12 m* 
of natural gas for each 100 litres of petrol. The use of 
natural gas has several advantages compared with 
liquefied gas, mainly owing to the reduced tare weight 
of the car, but also owing to better flow control. 


Electrical Conductors 
67, No. 26, September 15, 1954, pp. 353-362, 5 illustrations.) 


be inversely proportional to the square of the radius ; 
hence, small droplets will receive greater acceleration 
than the larger droplets. Consequently, the larger 
droplets will tend to reach more easily the middle of 
the conductor, whereas the smaller droplets will be 
deflected towards the top and bottom points of the 
cross-section. This has been confirmed by observa- 
tions'. Disregarding gravity forces (it might be assumed 
that the conductor is vertical), it can be seen that for 
each droplet size there is an area of impingement cor- 
responding to the L-lines in Fig. 1. This area is bounded 
by two lines represented by the points C, and C, 
(which are at an angle q, relative to the axis parallel to 
the L-lines). The wind direction is at an angle y. Now, 
with low values of wind intensity, there is less deflection, 
i.e., the L-lines move away from each other. Moreover, 
with large droplets, the L-lines are also situated more 
widely apart. Finally, if the conductor has a large 
radius, the go-value will be correspondingly smaller. 
Thus, it may be said that the deposition intensity in- 
creases with (i) decreasing wind velocity, (ii) increasing 
droplet size, and (iii) decreasing wire diameter’. 


----e 
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Air flow around 
a conductor. 


Fig. 1. 


In the case of power lines, which are approximately 
horizontal, the effect of gravity is to alter somewhat the 
pattern of Fig. 1. The distribution is no longer sym- 
metrical, since the two forces are in opposition on the 
upper side of the conductor, whereas they assist each 
other on the underside. Consequently, there will be 
more frost on the upper surface of the conductor. 

With increased icing, icicles will grow from the 
upper surface towards the wind. At low wind inten- 
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sities, the accumulation will be centered more on the 
upper surface of the conductor. With successive depo- 
sitions, the conditions become more difficult to predict. 
However, an important point is that, if the ice accretion 
is not symmetrical, it will result in a twisting moment 
which will gradually tend to rotate the conductor. In 
this way, the conductor may finally be completely 
covered with ice, owing to its slow rotation. 

The specific gravity of hoar-frost is about 0-1, 
whereas glazed frost reaches values of up to 0:8. Small 
droplets produce a porous ice because the surface 
tension is sufficiently strong to hold the droplet together 
during freezing. Large droplets can break up more 
easily and are drawn into the pores of the previous ice 
layers, owing to the action of capillary forces. It has 
been found that ice of greater density is obtained with a 
high wind and high temperature than with a low wind 
and low temperature! ?. Also, the density of hoar-frost 
is greater when the radius of the conductor is small. 

Sleet is produced when the supercooled droplets of 
water impinging on a conductor are so large that they 
cannot be held together by surface tension. The water 
is uniformly distributed over the conductor and freezes 
rapidly. Sleet has a specific gravity of about 0-9. The 
droplets are so large that they cannot be deflected 
around the conductor but impinge on it and run over 
its surface after breaking up. Usually, sleet is due to 
the presence at some height above the conductor of a 
layer of warm and moist air. The drops fall into very 
cold air, frequently without wind, and their temperature 
is reduced to below 0° C. 

Snow, like sleet, also has such a considerable inertia 
that it cannot be appreciably deflected around a con- 
ductor’. The affinity between snow and metal is very 
small and, below 0° C, dry snow does not usually adhere 
to the conductor. However, moist snow occurs around 
0° C and settles on conductors when there is no wind, 
i.e., on all the sheltered sections of a line. Deposition 
is also greater on lines already covered with a layer of 
ice. Snow builds up on the upper side of the conductors, 
and, as it becomes unstable, tends to roll over, par- 
ticularly if the wind is sufficiently strong. 

The above classification of ice types is based purely 
on the manner in which they are formed and does not 
deal with the fact that ice alters with time. The changes 
with time, however, can also be dangerous and should be 
considered. 

Hoar-frost and glazed frost have a tendency to 
contract and thereby attain a greater weight per unit 
volume, owing to evaporation, partial melting with 
subsequent re-freezing, etc. In very dry air, a decrease 
in density may occur. Although hoar-frost is not dan- 
gerous, even in layers of 10 to 20 cm in thickness, there 
is the latent danger that it may be filled with water in 
a sudden change of weather ; if this water turns to ice, 
the ice load may be increased up to ten times its initial 
value, with serious results. It has therefore been sug- 
gested that the specific gravity of ice should be estimated 
as 0:9 in all cases?. However, in the author’s opinion, 
a value of 0:5 should be a more representative figure. 

If the ice has developed irregularly over various 
sections of a conductor, parts of the line may be bare. 
With sunshine, these portions of the conductor may 
warm up and cause a melting of the inner layers of the 
ice sheaths. If the power line is inclined, the ice will 
then slide down towards the bottom of the slope, which 
is frequently a mid-span position. 

In lowlands, heavy snowfalls with wet snow are 
the most dangerous, whereas on high ground glazed 
frost causes the damage to conductors. 


IcING CONDITIONS ON CONDUCTORS 


Conductors are generally situated fairly high above 
the ground and are accessible to wind. Hence, more 
ice tends to form on them than on other objects. Hoar- 
frost may set in at night, owing to the cooling of the 
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ground. To reduce glazed-frost deposition, some lines 
have been arranged slightly below tree-top level. 
However, this method is only relatively successful, as 
there is usually little wind in heavy snowfalls. 

The direction of the prevailing wind is an important 
factor. The most intensive icing occurs if the wind 
strikes the conductor at a right angle. When it blows 
in the direction of the conductor, the same air is in 
contact with the conductor for some time, and therefore 
loses much of its humidity. 

Vibrations of power lines, particularly harmonic 
frequencies, often have a favourable effect. Although, 
in the first instance, owing to greater air circulation, 
hoar-frost and glazed-frost deposition may increase, 
any considerable ice formations are apt to be thrown 
off by the vibratory inertia forces. On the other hand, 
purely rotational motion of the conductor increases 
icing, as already stated. 

The influence of the material properties and the 
diameter of the conductor have been the subject of 
considerable discussion. When cold weather sets in, 
the thinnest conductors are the first to be covered with 
ice, because they cool down most rapidly. It can be 
shown that the difference in temperature between a 
conductor and the surrounding air decreases with time, 
in accordance with the theoretical relation 

Tair — Teona = (a er/2k) X [1 — ” aa] 
where Tair and Teona = temperature [° C] of the air 
and the conductor respectively, o& = temperature co- 
efficient [° C/sec], c = specific heat of conductor, 
r = conductor radius, k = = heat transfer coefficient (from 
conductor to air), and ¢ = time [sec]. 

The temperature difference is thus roughly pro- 
portional to the radius of the conductor. Hence, large- 
diameter conductors will tend to freeze over when the 
air temperature changes from cold to warm. Moreover, 
owing to the coefficient «, only fairly rapid temperature 
changes will have an effect. 

If there already is ice on the conductor, this ice will 
act as an insulation and the above formula is not valid. 
It has been found in many cases that, with the arrival 
of cold air, ice formation is much more considerable on 
thin conductors, but this is by no means an absolute 
rule. In Norway, calculations are made on the assump- 
tion that the ice load is proportional to the conductor 
diameter. However, Schwenkhagen® proposes that it 
should be calculated as being proportional to D®%* or 
D°-625, while other investigators suggest a square-root 
law®. In all cases, however, the relation should be based 
On measurements made in the district under con- 
sideration. 

Although warm air brings with it the greatest 
quantity of moisture, it is found that on average, owing 
to possible melting, etc., it does not produce the greatest 
ice loads on large-diameter conductors. From obser- 
vations by Rink, the arrival of cold air is generally the 
period when ice formation i is most intensive. 

The specific heat c of the material has some effect ; 
for instance, it has been observed that, in sunshine, 
ice tends to melt more rapidly on aluminium wires 
than on copper wires. An important factor is the amount 
of electric current passing through the conductor. Its 
influence is fairly involved. The heat generated by the 
current reduces hoar-frost and glazed-frost deposition. 
It also melts heavy, wet snow at temperatures around 
0° C. At lower temperatures, however, the heat from 
the conductor may be just sufficient to cause snow to 
adhere to the conductor, although such circumstances 
are probably very rare. If the current-carrying capacity 
of a conductor is fully utilised, the thicker conductors 
offer more favourable conditions in preventing ice 
formation than thinner conductors. 


INFLUENCE OF GROUND CONDITIONS 


In winter, warm, moist air comes inland from the 
sea, and brings with it fog, rain, and hoar-frost. It is 
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where the sea air is transformed into inland air that 
icing conditions are most dangerous. In addition, when 
cold land air reaches the sea, it absorbs moisture. When 
this cold and moist air flows back over land, intensive 
icing is likely to occur, particularly in coastal areas. 

When the air rises to higher levels, it cools adia- 
batically, and condensation will take place. Assuming 
no precipitation, small droplets will be formed if the 
air mass rises suddenly, and larger droplets if the rise 
is gradual. After these have been formed, the air is in 
a condition suitable for precipitation to occur. The 
droplets have a falling velocity proportional to their 
radius, according to Stokes’s law. Hence, a strong up- 
ward air current will contain more water in the pre- 
cipitation phase than a weak current. It therefore seems 
probable that the upward velocity component of the 
air has an influence on the amount of water it retains. 
Thus, an air current closer to the horizontal direction 
will allow greater precipitation than a current rising 
more steeply. 





— AIR-MASS ICING ah 
--- PRECIPITATION ICING ey 





Fig. 2. Ridge with wind in cross-wise direction. 

Considering the case of a power line situated on 
the slope of a hill or mountain, if the air mass is in the 
condensation phase, the amount of water contained in 
it will be equally distributed in all layers and hence 
icing conditions will be the same all over the slope, with 
slightly more ice at the bottom of the rise, owing to 
turbulence, etc. However, if the air has reached the 
precipitation phase, since it flows upwards parallel to 
the slope, the precipitation (and the icing intensity) will 
be proportional to sin 0, where @ is the angle of the 
slope. If the power line is situated across the slope the 
icing intensity will be proportional to the precipitation 
per unit length, i.e., to tan @. If the slope ends on a 
ridge which is situated cross-wise to the wind, the con- 
ditions obtained will be similar to those outlined in 
Fig. 2, in which the paths followed by the air are in- 
dicated by broken lines. It is assumed that the air mass 
is pressed against the mountain and that the distribution 
of temperature and moisture at different heights is such 
that the air must rise to the same extent to reach the 
condensation level. The air cools down and condenses 
in the upper layers over the point A (the condensation 
area is represented by region K). The precipitation 
phase is reached further up at a point B (the precipita- 
tion phase being indicated by a shaded area). At the 
summit C, the air current no longer has a vertical 
upward component of velocity ; hence, the precipitated 
water will no longer be retained in the air, and the main 
mass of water will fall in the neighbourhood of the 
summit. It will be shifted somewhat over to the lee 
side by the wind. The corresponding icing conditions 
are shown in the lower part of Fig. 2, with air-mass 
icing (i.e. hoar-frost or glazed frost) beginning at A 
(solid line), and precipitation icing (sleet and snow 
icing beginning at B (dotted line). Precipitation icing 
reaches a maximum intensity towards C. 

Fig. 3 shows the conditions when air is pressed 
against a ridge with a transverse slope. Figs. 2 and 3 
are representative of the conditions which can be ob- 
tained but, depending on the terrain, considerable 
variations may be obtained in individual cases. 

Apart from these wider areas, icing can occur in 
many small isolated areas owing to local conditions, 
e.g., exposure to wind or air turbulence, prevalence of 
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Fig. 3. Ridge with transverse slope. 


fog, proximity of rivers and waterfalls, etc. It has been 
observed’ that even a very small body of water can be 
the cause of increased ice formation over distances of 
several hundred yards, owing to the absorption of 
moisture by cold air. 

Low-pressure air currents periodically coming from 
land districts drive away the warm air and extend the 
icing period. In low country, the severest icing occurs 
during mid-winter. In the mountains, the air in mid- 
winter is below — 10° C, so that very little ice formation 
is then possible. Instead, mountain districts have two 
main icing periods, i.e., in the autumn and in the 
spring. In addition, there are, of course, daily periods 
of icing, these being mainly in the afternoon. 

Finally, it should be mentioned that climate and 
meteorology are not the only subjects requiring con- 
sideration in attempting to assess icing conditions. The 
types of trees and plants which grow in a district may 
serve as an indication, since they can withstand icing 
only to a certain degree. Wald? compared a chart of 
icing occurrence on Swiss power lines with a chart 
showing the extent to which various types of plants 
occur in the corresponding regions, and found very 
good agreement in many cases. In Norway, a similar 
investigation is now being considered. 
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WIRE-DRAWING TECHNIQUE WITH 
HIGHLY REFINED STEEL 
(Concluded from page 518) 


Profile wires, such as square and hexagon, do not 
usually have as good a finish as round wires because 
grinding and polishing are not practical in these cases. 
Apart from a high degree of reduction, special lubri- 
cants, etc., are used to produce a good surface finish. 
A method which has been patented by I. G. Farben 
has been found to be particularly useful with stainless 
profile wires. After pickling and washing, the wire is 
brought into a solution which contains, amongst other 
compounds, oxalic acid and sodium sulphide ; the wire 
is then coated with lime and drawn. In addition to a 
saving in annealings and drafts, this produces a very 
much better surface quality. 

Testing of the final product takes many forms and 
depends on the use to which the wire is to be put. Tests 
for tensile strength are in general use, as they also indi- 
cate the ductility of the material during manufacture. 
Hardness tests are equally important, especially with 
highly refined steel, in order to test for surface decar- 
burisation. It is strongly recommended that each reel 
be spark-tested prior to despatch in order to obviate 
grading mistakes. Wires in rod form with somewhat 
higher diameters can also be tested with a magnetic 
flaw dector. 
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Transformer Insulation Power Factor 


By E. C. WENTz. 


(From Westinghouse Engineer, Vol. 14, No. 6, November 1954, pp. 213-217, 5 illustrations.) 


The relative importance of transformer insulation power factor has been the subject of considerable 


discussion. 


MEASUREMENT of the power factor of transformer and 
bushing insulations has received considerable attention 
during the past 20 years, but much of this has not been 
particularly scientific or objective. The emphasis on 
insulation power factor has resulted in demands for 
low power factor of insulation in new transformers. 
Designers of these transformers have been unable to 
confirm this need, yet have generally refrained from 
contradiction, lest they appear to advocate high power 
factor. Initially, a negative attitude is unavoidable, for 
it is necessary, from a scientific viewpoint, to consider 
all aspects of power factor in logical order. 

Any winding of a transformer is separated from the 
other windings and earth by insulation, which forms an 
effective capacitance network. In each capacitance are 
dielectric losses, which can be conveniently represented 
by a resistor in series with the capacitor. The insulation 
power factor is commonly defined as the ratio of the 
resistance to the impedance of this combination. The 
power factor can be measured in the same way as it is 
in any capacitor. 

After the power factor has been measured, one line 
of reasoning is that, if a given voltage is applied to the 
equivalent capacitor, a calculable dielectric loss will be 
developed in the insulation and will cause some heating. 
Perhaps the insulation will get too hot, and perhaps 
not. The heating effect can be calculated fairly well 
only if all dimensions and thermal characteristics of 
the materials are known. 

A single power-factor measurement tells nothing 
but the possible dielectric loss, and often not even that. 
Yet, at this point, transformer designers hesitate to point 
out that dielectric losses are usually entirely harmless, 
lest they appear to say that these losses are a good thing. 
Of course the dielectric loss is a good thing to know ; 
the designer can tell whether it is high enough to cause 
destructive heating, and guard against it, but it is 
very difficult for anyone but the designer to interpret 
its effect. 

However, many years ago it was discovered that, if 
paper insulation was heated, power factor increased 
rapidly with temperature, but that, after it had cooled 
again, the power factor usually was lower than before. 
From this it was deduced that power factor increases 
with temperature, but also decreases if the paper is 
dried out. 

If the paper is humidified, or the moisture content 
increased, power factor increases. Because moisture is 
almost always present as a possible contaminant, it is 
natural to suppose that, if power factor increases, mois- 
ture is the cause. However, this is only a strong sup- 
position; many other things can happen to increase 
power factor. 

Physicists and chemists state that moisture causes 
mineral impurities to ionise, or break down into two 
oppositely charged particles which can move more or 
less freely through the insulation when voltage is 
applied, losing energy by collision with other molecules 
and causing dielectric loss. 

There are also dipoles, or polarised molecules, 
which can rotate in a viscous manner in response to the 
electric field, causing dielectric loss. However, this 
leads to the conclusion that the dielectric loss does not 
depend on moisture alone, and that some contaminants 
may cause high power factor, even though moisture is 
not present in the insulation. 

The power factor of transformer oil, for example, 
is sensitive to almost any material that can be dissolved 
in the oil. Some resins and asphalts in small quantities 
increase the dielectric strength of oil as measured by 
the standard test method, but also increase the power 
Volume 15, No. 12 
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It is shown in this article that its value must be weighed against many factors. 


factor to many times the original value. The quanti- 
tative relations between amounts of most of these 
contaminants and the dielectric properties of oil, and 
the variation of resulting dielectric properties with 
temperature, are a subject that is nearly a closed book. 

In a completed transformer, the equivalent capacitor 
is formed by one winding as one electrode, and the other 
winding, core, and case connected together as the other 
electrode. The dielectric structure is composed prin- 
cipally of paper, oil, and possibly one or more kinds of 
resinous binders. It is so complicated that, if power 
factor is high, the cause is unknown and only a sus- 
picion exists that dielectric loss may cause trouble. 

If the designer suspects that the dielectric loss is 
high enough to affect the serviceability of the trans- 
former, and removes and tests each piece of material 
separately, he can soon determine where the dielectric 
losses are, and whether or not they will cause excessive 
heating. If the rise in temperature causes a further 
increase in dielectric loss, i.e., more than can be dissi- 
pated at the higher temperature, the rise in temperature 
and loss may continue without limit until a hole is 
burned in the insulation. 

If power factor is studied on this basis, it is generally 
found that transformer insulation is not stressed suf- 
ficiently to develop high dielectric losses, even in high 
power-factor material. It is also found that the venti- 
lation required to carry away the copper loss easily takes 
care of the relatively negligible dielectric loss; usually, 
the power factor can be 20°, or more in properly ventil- 
ated oil-filled transformers without causing undue di- 
electric heating. In certain plastic-filled instrument 
transformers, in which the insulation is not well ventil- 
ated, cumulative heating has been induced in insulation 
having a power factor of 20°. The insulation in 
high-voltage bushings, which is stressed rather highly 
and is not particularly well ventilated, can develop 
cumulative heating at 20°;, power factor. These are 
only typical values as measured at room temperature, 
but they confirm the idea that power factors much 
higher than are common in actual transformer insulation 
can be logically defended and justified. 

Another reason for low dielectric loss in transformers 
is that solid insulation practically always must be used 
in series with oil used for cooling. The oil must be 
admitted very near to the conductor surface if hot spots 
are to be avoided. Oil cannot be stressed nearly as highly 
as paper or pressboard, because corona discharges 
result; yet, because of the low dielectric constant of 
oil, the unit dielectric stress in the oil actually becomes 
higher than in the pressboard with which it is used in 
series. Therefore, to keep the stress below the corona 
level in the oil, the stresses in the paper and pressboard 
are relatively low and the resulting dielectric loss is 
very small, even if the power factor is high. This highly 
stressed oil generally has a very low power factor and, 
being liquid, is not subject to cumulative dielectric 
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Fig. 1. 
strength of oil-impregnated pressboard. 
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heating failure. This is another reason why the per- 
missible power factor can be so high without risking 
failure. 

The fact that the dielectric stress in the solid 
insulation is lower than that in the oil means that it is 
not the limiting factor in determining the overall 
strength of the transformer insulation structure. In- 
sulation with a 5% power factor (Figs. 1 and 2) has 
nearly as much strength as insulation with a 2% power 
factor. However, the difference in strength of the 
complete transformer structure, as built with 2% or 
5% power-factor insulations, would be much less than 
the difference in dielectric strengths of the two materials 
themselves. From this point of view, insulation of 5% 
power factor is as adequately dried as that of 2°, power 
factor. 

Another effect of moisture is that it accelerates 
deterioration of insulation as measured by loss of 
tensile strength. The presence of moisture does actual 
harm to insulation, and this, moreover, is permanent 
damage; drying reduces the rate of deterioration (loss 
of mechanical strength), but the previous loss is never 
recovered. 
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Variation of power factor with the moisture content 
of oil-impregnated pressboard. 
Considerable doubt exists as to whether the loss of 
mechanical (tensile) strength really represents deteriora- 
tion. Certainly, the loss of dielectric strength is much 
less than the loss of mechanical strength. However, 
the insulation is structural and is the first member to 
absorb stresses from the coils. The vibratory forces of 
a short-circuit tend to shred the insulation, and the 
resistance to this is probably related to tensile strength. 
If this is true, moisture is a bad thing in itself because 
it accelerates deterioration. The conclusion is that 
moisture addition which raises the power factor from 


Fig. 3. 
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1-5 to 3:0% (change from 2:0 to 2:45°% moisture —see 
Fig. 3), will reduce by 20% the time it takes to lose 
75% tensile strength (from 126 to 103 hours at 120°C 
under laboratory conditions). 

Such a reduction may not be realised in service, but 
good judgment argues the wisdom of trying to get down 
to a moisture content corresponding to 1:5°% power 
factor in pressboard insulation, provided it can be done 
at reasonable expense. However, a 1:5% power factor 
in pressboard means the transformer power factor will 
be considerably less than 1-5%, for the power factor of 
oil is very low and the dielectric constant of oil is also 
much lower than that of pressboard (about half). So 
far, no data are available which relate residual-moisture 
content to the expense of achieving it; 0-8° power 
factor in the large transformers (which probably repre- 
sents 1 to 1-5°% power factor in the pressboard) is 
feasible. It is not clear whether equivalent results can be 
attained at reasonable expense on smaller transformers. 

Many transformer designers do not agree that ex- 
tremely low moisture content really adds to transformer 
life, and point out that practically no transformer 
failures have been traced to loss of tensile strength in 
the insulation. Furthermore, designers are all troubled 
by the practical difficulty of purifying insulating 
materials sufficiently to exclude other causes of high 
power factor. 

It should be kept in mind that, during the loss of 
tensile strength, the dielectric strength is maintained at 
practically full value, and that operating stresses (in- 
cluding impulse stresses) are usually well below in- 
sulation puncture strength. 

Thus, many transformer designers fail to see any 
one major virtue in extremely low power-factor in- 
sulation. Of course, designers generally learn to take 
advantage of the slightly higher strength available from 
dry insulation, and to profit as much as possible from 
the slightly lower dielectric constant of dry insulation. 
As their techniques for drying and preserving insulation 
improve, they will naturally tend towards designs with 
slightly higher stresses. Low power-factor insulation 
eventually will mean that the user will have to be more 
careful to maintain it in a dry condition. 

Inasmuch as it is fairly clear that extremely low 
power factor is of little value in a new transformer, 
consider the aspect of maintenance. Suppose the user 
hopes to detect entrance of moisture in service by 
measuring power factor. Is the effect of moisture on 
power factor more pronounced if the power factor were 
low to begin with than if it were high? According to 
previous investigations, the power factor increases 
rapidly with the moisture percentage, only when the 
per-unit moisture exceeds 2% by weight, so that ex- 
treme dryness initially is of no advantage in detecting 
additional moisture. 

Suppose the initial power factor were high owing to 
some factor other than moisture. What then is the 
effect of additional moisture on the power factor? It 
seems most probable that some contaminants which 
increase power factor will also obscure the effect of 
additional moisture and will help to defeat the effective- 
ness of any programme for detecting entrance of 
moisture by power-factor measurement. Then, too, if 
one or more contaminants which can raise the power 
factor are present, the manufacturer will probably have 
more difficulty in determining by power-factor measure- 
ment whether he has dried the insulation satisfactorily. 
As it is not practical, especially on small high-production 
items, to make continuous resistance readings to follow 
the drying by insulation resistance, power-factor mea- 
surements are the best check on proper drying. However, 
they are a reliable guide only if the manufacturer has 
purified the design to use only low power-factor insu- 
lating materials and has used no materials which can 
possibly dissolve into the oil and cause increases in 
power factor. 
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This reasoning is the most effective justification 
‘or the desirability of low power factor of finished 
transformer-insulation structures. As has been shown, 
there are many reasons why high power-factor insu- 
lation is perfectly suitable for service in transformers 
and no one can prove that transformer insulation must 
have any particular value of power factor to give good 
service for an indefinite time. However, if insulation 
power factor is initially high because of contaminants 
other than moisture, detection of moisture by power- 
factor measurement becomes a poor and uncertain tool 
for either the manufacturer or the user. 


All the above applies particularly to sealed trans- 
formers. Low power factor of dry-type transformers 
with organic insulation cannot generally be expected and 
usually is not maintained under humid conditions. 
Fortunately, the moisture can come out as easily as it 
goes in, and usually the normal termperature of operation 
keeps the transformer fairly dry. Fortunately also, the 
voltage at which corona discharges form around dry-type 
transformers is usually somewhat reduced when the 
transformer is humidified. 


The dry-type power transformer insulated with 
glass, mica, and porcelain is much more resistant to 
moisture because these materials are practically im- 
pervious to it. It is doubtful whether moisture content 


or insulation power factor has any related significance 
in these transformers. 

Considering, then, that a purified transformer is the 
only one in which power factor of insulation indicates 
moisture content, it is clear that the cost of purifying 
the insulation must be balanced against the advantages 
of low power factor, which are (1) possible longer life 
of insulation, and (2) possible increased and more reliable 
sensitivity to moisture. The cost of purifying insulation 
is not negligible because of the existence of a large 
number of harmless materials, a minute quantity of 
which raises the power factor. 

In large power transformers, bonding materials can 
be reduced to a negligible minimum, and previous in- 
vestigations show that the power factor can be main- 
tained at a very low value. It does not follow that small 
transformers can be manufactured economically in as 
pure a state. Experience shows that their power factor, 
initially “‘ high,’’ can increase still further without any 
moisture entering the transformer and without causing 
it any damage. 

If purified transformers, in which power factor 
indicates moisture, are worth a real premium in cost to 
users of such small transformers, they will undoubtedly 
be produced. The cost of ‘‘ pure’ materials is not 
necessarily high, but at present they are not generally 
available. 
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Irradiated Polyethylene 


By J. B. CAMPBELL. 


IN the past two years there has been increasing 
scientific interest in the effects of high energy radiation 
on the properties of thermoplastics. There are several 
different reasons for such interest. One is that irradiation 
offers a new technique for theoretical study of the nature 
of polymers. On a more practical level are the need to 
evaluate materials for use in atomic power installations 
and the possibility of beneficial changes in properties 
which might broaden applications for non-metallics. 

Results of these scientific investigations show that 
one of two things may happen to thermoplastics that 
are irradiated, i.e., they may cross-link or they may 
degrade. These effects are permanent. 

Of the materials which cross-link, polyethylene has 
attracted the most attention. Its favourable combina- 
tion of physical, chemical, and electrical properties has 
made it potentially one of the most important non- 
metallic materials available for both consumer and 
industrial applications. The prospect of being able to 
eliminate the disadvantages generally associated with a 
thermoplastic material and yet retain its useful properties 
unimpaired is irresistible. 

Ordinarily, polyethylene is a thermoplastic. When 
bombarded by high-energy particles, however, it be- 
comes an infusible material. This, briefly, is the sig- 
nificance of “‘ irradiated polyethylene,’’ a new material 
now undergoing industrial evaluation. 

The first commercially available irradiated polyethy- 
lene is Irrathene 101, developed by General Electric 
Company’s Chemical & Metallurgical Division. Irrathene 
101 is only lightly cross-linked, to preserve the flexibility 
and toughness of the conventional plastic. It is produced 
by electron bombardment. The electron beam is ob- 
tained by removing the tungsten target from a standard 
million-volt resonant transformer-type X-ray machine 
and replacing it by a thin stainless steel window which 
allows the beam to escape into the air. In large-scale 
production, higher-voltage machines would probably 
be used. 

At the present time, Irrathene 101 is available only 
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in the form of tape, and only in pilot-plant quantities. 
The tape is 0-005 in. thick, 1 in. wide, and comes in 
36-yd rolls. Other sizes and forms are being developed. 

The following points illustrate how Irrathene differs 
from conventional polyethylene :— 

(1) It has no melting point. Irradiation converts 
polyethylene from a fusible thermoplastic which melts 
about 230° F to a thermoset material which will char 
and burn if it gets hot enough, but will not melt. 

(2) It exhibits no stress-cracking. Ordinary poly- 
ethylene often cracks when it is exposed under stress, 
either internal or applied, to various chemical environ- 
ments, such as soaps, detergents, solvents, organic 
acids, etc. 

(3) It holds its shape at elevated temperatures 
(except as noted below). As Fig. 1 indicates, the strength 
of irradiated polyethylene decreases steadily with in- 
creasing temperature up to 110° C, at which point the 
curve levels off and shows a residual strength of 100 to 
200 psi up to at least 200° C. This residual strength gives 
the material ‘‘ form stability,” i.e., the ability to hold 
its shape when under no load or under very light loads 
at elevated temperatures (provided the material is strain- 
free and lacks preferred orientation). 








TABLE I. COMPRESSION SET AT 302° F 
Dosage, | Compression set, 
106 roentgens | % 
5 | 45 
7-5 | 26 
10 | 13 
15 | 4 





(4) It is elastomeric at elevated temperatures. Under 
an applied load, it deforms only a certain amount, after 
which it does not continue to flow appreciably. When 
the load is removed, the material recovers almost 
completely. The relationship between stress and strain 
at elevated temperatures is shown in Fig. 2, and com- 
pression-set values at 302° F are given in Table I. 

(5) It may have improved dielectric strength at 
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Fig. 1. Effect of temperature on tensile strength, elonga- 
tion, and tension set of irradiated and non-irradiated 
polyethylene. 

Full lines—irradiated (dosage: 15 = 106 roentgens). 

Dotted lines—non-irradiated. 


elevated temperatures. Dielectric strength of conven- 
tional polyethylene is reported to drop off rapidly at 
elevated temperatures. The improvement produced by 
radiation may be only apparent, since dielectric strength 
of conventional polyethylene is difficult to measure 
above 230° F. 

(6) It has better solvent resistance at elevated 
temperatures. Solvent absorption at room temperature 
is only slightly less. At elevated temperatures Irrathene 
101 swells considerably but does not dissolve in chemicals 
which dissolve conventional polyethylene. 

In most other respects, irradiated polyethylene does 
not differ significantly from conventional polyethylene. 
In this connection : 


(1) It is not much stronger or tougher at room 
temperature. 

(2) It is not any more resistant to heat ageing. Like 
the conventional material, irradiated polyethylene oxi- 
dises when exposed for long periods at elevated tem- 
peratures. Without surface protection, Irrathene 101 
is not recommended for continuous use above 220° F. 
A phenolic-base varnish provides suitable surface pro- 
tection for higher temperatures, but no details are 
at present available. 

(3) It is not any more dimensionally stable at 
elevated temperatures (except as noted previously). 
Irradiation, at least in practical dosages, does not 
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“* freeze ’’ orientation or strains in fabricated parts. For 
example, polyethylene tape is somewhat oriented as a 
result of the extrusion process and therefore shrinks 
when heated. Irradiated tape also shrinks. Although 
irradiation cross-links the molecules while they are 
oriented, the cross-linking is of such a low order that 
the molecules are still able to return to a random pattern 
upon heating. Similarly, internal strains resulting from 
the moulding process are relieved upon heating, and 
injection-moulded irradiated parts warp in the same way 
as conventional parts. Blown bottles that have been 
irradiated have complete form stability upon heating 
because they are free from internal strains. 

Irradiated polyethylene has some important limi- 
tations, as follows :— 


(1) It cannot be injection-moulded or extruded, 
since it is a thermoset material. At present, it must be 
irradiated in its final form or as a fabricated part. This 
means that each different product to be made of ir- 
radiated polyethylene would require its own irradiation 
and handling set-ups. 

(2) It is at present limited to thin cross-sections. 
Depth of penetration, and hence the effectiveness, of 
an electron beam depends upon voltage. 

(3) It is not likely to be made available in a wide 
range of colours, since many dyes are affected by ir- 
radiation. Transparency and translucency, however, 
are not affected by radiation. 

(4) It is at present an expensive material. The 
irradiation process requires a large financial investment 
in equipment. Since the process is hazardous, the 
primary equipment, expensive in itself, must be heavily 
shielded and elaborate precautions must be taken for 
the protection of operating personnel. The high cost 
of equipment and protection means that low material 
cost can be attained only by a high production level. 
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Fig. 2. Stress-strain relationships for irradiated polyethylene 
at various temperatures. 
Dosage: 15 = 106 roentgens. 


Applications are expected primarily where the 
excellent electrical properties, moisture resistance, tough- 
ness, and other properties of conventional polyethylene 
are required, together with form stability above 210-230° F 
or outstanding resistance to stress cracking. Examples 
are packaging which must withstand steam sterilisation 
or cooking temperatures, and electrical insulation for 
continuous exposure to Class A temperatures or short 
exposures at 300-390° F. Ability to use polyethylene 
film or tape for hotter electrical applications would 
probably make possible a reduction in size of some 
equipment with resulting economy and improved 
operating characteristics. Irrathene 101 is now being 
evaluated for such applications. 

General Electric has indicated that it will announce 
shortly a stabilised form of Irrathene suitable for con- 
tinuous exposure to air at temperatures up to about 
250° F. Such a material would further broaden the 
possibilities for irradiated polyethylene. 
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_New Materials, Processes and Equipment 








INDUSTRIAL ULTRASONIC CLEANING 
PROCESS 


What is claimed to be the first practical method of 
ultrasonic metal cleaning is the ‘‘ Soniclean ” process 
developed by the Detrex Corporation, of Detroit, its 
main feature being a special transducer element. 

This new element is a curved piece of ceramic, re- 
sembling a pipe, 6 in. in length and cut in half along 
the longitudinal axis. The ceramic pieces, which can 
be connected in series and arranged as desired, are 
designed to offer focusing and flexibility properties 
never before applied to equipment of this type. In the 
new process the operational frequency is 430,000 cps. 
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The solvent at present in use is trichlorethylene ; how- 
ever, the process is not limited entirely to this material. 
Because a potential of only 40 V is required to operate 
the ceramic transducers, they can be safely immersed 
directly in the solvent. This eliminates high voltages and 
the complicated sealed containers required with other 
transducer materials. 

Material to be cleaned is placed in the solvent, 
either manually or by conveyor, directly in the path of 
greatest focal intensity of the ultrasonic waves. In this 
area extreme turbulence is created, resulting in a deep 
and penetrating cleaning action which removes, almost 
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instantaneously, all dirt, grease, chips, and microscopic 
particles of soil from even the most intricately designed 
and close-fitting parts. Some idea of the extreme 
agitation produced in the liquid is afforded by the first 
illustration. The outline of the transducer, a few inches 
below the surface, is clearly visible. 

Because of the design of the ceramic transducer 
the sound waves converge to a straight line, as long as 
the transducer itself. The focal area in other trans- 
ducers is confined to a single point. The high-frequency 
hypersonic generator used in the ‘‘ Soniclean ”’ process 
is completely protected by numerous safety and over- 
load devices. 

The second illustration shows this equipment in- 
stalled by a manufacturer of electric shavers. This is 
stated to be the largest commercial unit ever built for 
ultrasonic cleaning. The high-frequency generator can 
be seen at the right of the illustration. 


TURBINE-BLADE GRINDER 


To further their extensive service to organisations 
engaged in turbine-blade production for jet engines, 
The Newall Engineering Co. Ltd., of Peterborough, 
have now designed and developed the first machine to 
be manufactured in Great Britain for three-dimensional 
grinding of blades. 

This machine, designated the ‘‘ 3D ” blade grinder, 
has been designed primarily for grinding the outside 
form and approximately 60°, of leading and trailing 
edge radii, together with platform and platform radius 
of non-ruled back blades. Depending on acuteness of 
platform angle and size of radius, this may be done in 
One or two operations ; shrouded blades, however, re- 
quire two or three operations, unless shrouds and root 
platforms lie in parallel planes. Alternatively, two, or 
possibly three, blades may be ground at once on outside 
form and platforms. The machine is fully automatic, 
except for loading and unloading, and can also generate 
and regrind its own cams from a master blade. 

The general design of the base, wheelhead, and table 
section of the new grinder is based on that of the well 
known Newall ‘‘ LA ” cylindrical grinder, and the sturdy 
proportions of this machine have been maintained in 
order to ensure rapid accurate production. 

The work-spindle, driven at steplessly variable 
speeds from 12 to 108 rpm by means of a ‘“‘ Kopp” 
Variator Unit of 14 hp, runs in ‘“‘ Glacier” micro- 
clearance bearings and is mounted on a rocking cradle 
which carries a three-dimensional master Cam situated 
between the work-spindle bearings. The rocking cradle 
is mounted on ultra-precision roller bearings at its 
extreme ends and on selected taper roller bearings 
adjacent to the work-spindle nose. 

Either a live- or dead-centre tailstock may be used. 
The spindle of the former is mounted on ultra-precision 
roller bearings and is either driven from the workhead 
or is free-running, according to the type of blade being 
ground. To the left of the grinding wheelhead is the 
follower-roller spindle, carried in a head which is 
screw-adjustable in a fore and aft direction. Attached 
to the workhead directly above the work-spindle is a 
rail which, as the table is traversed, passes along behind 
a spring-loaded carriage. This carriage is built into a 
projection of the follower-roller guard, inside which are 
adjustable loading springs; by means of these the cam 
loading is kept local to the follower roller, thereby 
obviating deflection of the cradle. An adjustable 
hydraulic damper for the cradle out-stroke is embodied 
in the loading mechanism. 
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For manufacturing cams the wheel follower is placed 
on the grinding spindle and in its place a grinding 
wheel, driven by a separate motor, is fitted. A master 
biade is then placed in the fixture and a cam blank on 
its appropriate spindle in the workhead. The cam can 
then be ground zm situ. To offset wheel-follower pres- 
sure, the cradle is counterbalanced ; thus, the resultant 
cam is an exact reproduction of the form of the master 
blade. The wheel and follower are then reversed and 
the machine is ready for production. For small batch 
production, e.g., prototype engine sets, it has been 
found that a hardwood cam can be used with excellent 
results. Such cams can of course be produced much 
more cheaply and rapidly than if hard steel is employed. 

The wheelhead, built on massive lines to ensure 
vibrationless operation, incorporates a worm-gear device 
for feeding the wheel-spindle in an axial direction for 
setting purposes. The wheelhead slides on long, ac- 
curately scraped vee and flat surfaces, automatically 
lubricated, and has a hydraulically operated rapid 
approach and withdrawal movement of 3 inches. The 
amount of regulated in-feed for grinding the platform 
is from ;}, to 2 in., and the plunge feed for grinding 
the blade form is 0-042 in. Wheel dressing is rapidly 
carried out by means of a fully automatic dresser of new 
design mounted on top and to the rear of the wheel- 
head, but is easily controlled from the operator’s position. 





Floor-to-floor time for a non-ruled back blade 53 in. 
in length is approximately 3} minutes, and an aspect of 
distinct importance is that the form of all blades pro- 
duced from the same master cam remains constant. 


HEAVY-DUTY RADIAL-ARM ROUTER 


The addition of a heavy-duty radial-arm router to 
the range of Wadkin routers manufactured by Wadkin 
Ltd., of Leicester, opens up new possibilities for pro- 
duction economy in the machining of non-ferrous 
metals. With its powerful high-speed head and ex- 
ceptionally rigid radial-arm mounting, heavy profiling 
or milling operations, hitherto beyond the capacity of 
a router, can now be successfully handled, with all the 
attendant advantages inherent in high-speed routing. 

The principle of operation is based on the manual 
operation of the movable head over the job, using, 
where necessary, templates secured over the face of the 
work to give any required profile. Because of the high 
cutting speeds employed, i.e., 12,000 and 18,000 rpm, 
remarkably free cutting action is obtained, giving a 
smooth finish to the job. This easy cutting action, com- 
bined with a smooth, easy arm movement, also permits 
the operator to follow any shape of profile without 
difficulty or undue effort. At all positions of the arm, 
the utmost rigidity is provided for the router head, 
ensuring close limits of accuracy over large areas. An 
important advantage is that, with the absence of cutting 
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stresses, only light clamping of the job is necessary, 
thus eliminating the possibility of distortion of light- 
section work. At the same time, floor-to-floor times 
are speeded up, as a result of quicker clamping operations. 

The new router, designated Type L.Y.R., will 
machine practically all the aluminium light alloys in 
cast, forged, or rolled forms, and also brass, zinc, cer- 
tain coppers, and lead. In addition, it is suitable for 
many plastic materials. The machine can be used 
under suitable conditions for cutting out aluminium- 
alloy plates, up to 1 in. thick, from profile plates or 
templates. On profiling shaped parts or thick plates 
cut out on the band saw, depths up to 3 in. may be 
worked, if the amount to be removed does not exceed 
4 in. at full depth at each pass of the head. For face- 
milling, heads up to 5} in. diameter are used. 

The router head is of simple design, the motor 
consisting of a squirrel-cage rotor and stator unit, the 
stator being mounted in the stator frame and the rotor 
keywayed directly onto the cutter spindle. The cutter 
spindle is made of nickel-chrome molybdenum steel 
and is precision-ground to take the special high-speed 
ball bearings. Lubrication of the bearings is by means 
of a patented oil-mist system, ensuring long bearing life. 

The radial arm, which is an aluminium-alloy box 
casting fitted with nitralloy hardened rods, moves in 
and out on ball-bearing rollers and swings on ball and 
roller bearings. The head has a quick rise-and-fall 
movement of 4 in. by hand levers and controlled by 
adjustable depth stops. The head can also be adjusted 
vertically by a handwheel and screw motion. 


1,500,000-V IMPULSE GENERATOR 


A 1,500,000-V impulse generator has recently been 
installed in the North Woolwich High-Voltage Labora- 
tory of Standard Telephones and Cables Limited, of 
London, W.C.2, to provide essential facilities for the 
development of power cables and associated accessories. 

This equipment facilitates investigation into the 
impulse characteristics of all types of cables, high- 
voltage capacitors, and their constituent dielectric 
materials under accurately simulated working conditions. 
This enables the materials to be used most effectively 
in the design of high-voltage cables, accessories, and 
capacitors and has, therefore, an important bearing on 
the economic development of these products. The im- 
pulse strength of high-voltage transmission systems is 
particularly significant, but a knowledge of the impulse 
strength of lower voltage systems is becoming in- 
creasingly important. 

The impulse-generator circuit conforms to the well 
known principle evolved by Marx and has a maximum 
crest voltage of 1575 kV, an energy output of 22 kW sec, 
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and a wave shape of 1/50 microsec. Nine individual 
stages are provided, facilities being available for con- 
necting in series or parallel, to provide increased 
capacitance. The charging voltage is 175 kV at either 
polarity and is controlled by a moving-coil regulator 
via metal rectifiers and step-up transformers. Surge 
voltage measurements are made with a capacity poten- 
tial divider and are recorded visually and photographically 
with a sealed-off cathode-ray oscillograph. In addition, 
one-metre sphere gaps are available for use as a standard 
reference for voltage measurements. 


NEW STUD-WELDING PROCESS 


Further details have now been announced by Philips 
Electrical Limited, of London, W.C.2, of their new 
process of stud welding. The development of the new 
process results, in some degree, from a close study of 
the ‘‘ Contact”? arc-welding method introduced by 
Philips about ten years ago. In this process, thickly 
coated, semi-conducting electrodes are used, greatly 
simplifying ignition and re-ignition. The stud-welding 
cartridge was designed upon the ‘‘ Contact ” electrode 
principle. The stud rests upon a constriction in the 
cartridge. During welding, that part of the cartridge 
upon which the stud rests is fused away, releasing the 
stud, which is then pressed into the weld pool. Special 
studs are not necessary in this process. 





The welding gun is adjusted to the length of the 
studs to be used by a coarse adjustment. The stud is 
then clamped into the stud-holder by spring pressure. 
Fine adjustment may be effected so that the stud pro- 
trudes 0-2 to 0-5 mm from the plane of the tips of the 
support. A welding cartridge is then pushed onto the 
stud and the gun is fitted on the workpiece. As the gun 
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is pressed onto the plate, the stud-holder is pushed 
upwards and a spring is compressed. The current is 
turned on by a micro-switch in the handle of the gun, 
the arc is ignited, and, after that part of the welding 
cartridge upon which the stud rests has been fused away, 
the stud is pressed upon the workpiece by the spring. 
A stop ensures uniformity of the distance by which the 
stud is pressed into the weld pool. After the weld has 
been completed, the switch is released and the short- 
circuiting current is switched off. The gun is removed 
from the workpiece, together with the remains of the 
welding cartridge. Welding can be carried out in both 
the vertical and overhead positions. Stud-welding car- 
tridges are at present made in four diameters, i.e., 
} in., - in., $ in., and } in. 

An important feature of the new system is that 
alternating current may be used, thus permitting the 
use of ordinary welding transformers. The primary 
side is operated by a magnetic switch. The micro- 
switch in the gun operates the secondary coil, via a 
transformer, which reduces the voltage to the safe level 
of 24V. In its turn, the magnetic switch actuates the 
primary of the welding transformer. 





The process is designed primarily for the welding 
of unalloyed steel. Depending upon requirements, pre- 
heating is recommended when using hardenable types 
of steel. A simple method of testing the strength of 
the weld is by hammer blows. Ordinary steel studs, it 
is found, can be bent through 90 deg. without fracturing. 
With more brittle metals, a smaller plastic deformation 
occurs. Tensile tests on welded steel can be carried out 
by welding a stud to each side of a plate, so that the 
studs are in line. Normal tensile tests show that fracture 
usually occurs outside the weld. Fatigue tests can also 
be carried out in this way. 

The illustrations show the gun and cartridges, and 
the gun in use for welding from the vertical position. 


BLAST-CLEANING MACHINE 


Among other advantages of the patented ‘‘ Vacu- 
Blast Junior ” blast-cleaning machine manufactured by 
Vacu-Blast Limited, of Slough, Bucks., are its complete 
portability and operation free from any risk of flying 
particles or other hazards usually associated with grit 
or shot blasting. Furthermore, its small, compact con- 
struction makes it eminently suitable for use as a 
standard piece of workshop equipment with a wide 
range of applications. It should, however, be pointed 
out that the new machine is not intended to supersede 
the rest of the ‘‘ Vacu-Blast ” range of equipment, but 
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is, in fact, designed as complementary to the existing 
range. 

Operation of the new machine is simple, compressed 
air being used to direct the abrasive through the blast 
nozzle to the work surface with great force, after which 
the vacuum pick-up draws the cleanings and used 
abrasive through the return hose attached to the gun, 
to the reclaimer, where the abrasive is separated from 
the cleanings or debris, ready for re-use. The cleanings 
or debris themselves are drawn off through the top of 
the reclaimer by a dust collector, where they are de- 
posited in a dust jar, cleaned air only being exhausted 
through an air-filter dust bag fitted to the dust-collector 
air motor. 

Operation of the new machine, which incorporates 
no moving parts in the design, is completely pneumatic. 
No protective clothing is required, and it is safe to use 
the machine only a few feet away from other apparatus. 


AUTOMATIC CHAIN LUBRICATOR 


A new automatic chain lubricator, now being pro- 
duced by Clarke, Chapman & Co. Ltd., of Gateshead- 
on-Tyne, is designed for use with all types of chain 
conveyors and can be engaged or disengaged, assembled, 
or dismantled as a complete unit while the conveyor is 
running. 

The lubricator is arranged to work in conjunction 
with the chain-sprocket wheels and is quite independent 
of chain speed. The entire mechanism is totally en- 
closed inside an oil-tight aluminium case, which forms an 
oil bath providing splash lubrication for the mechanism 
itself. Strongly constructed, the lubricator is simple 
and safe to operate and can be used by unskilled labour. 
Various sizes are available, depending upon the number 
of teeth in the sprocket wheel and the pitch of the chain. 
However, with two lubricators fitted at the tail end of 
a conveyor, the increase in overall width of the conveyor 
is normally never more than 18 in. When necessary, 
the lubricators can be fitted at the driving-head end of 
the conveyor. 

The lubricators are mounted on a stationary stub- 
type axle. The conveyor sprocket wheels, mounted on 
bearings, are free to rotate upon the axle. Although 
the centre portion of the lubricator can slide along the 
axle, it cannot rotate, as it is locked radially by a square 
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formed at the axle end. The casing of the lubricator is 
free to rotate round the stationary centre. Equally 
spaced inside the casing are the injector rams, and 
mounted directly above each ram is a rocker arm and 
plunger, varying in number according to the size of 
the lubricator. The pitch and pitch-circle diameter of 
the plungers correspond to the chain pitch and the 
sprocket-wheel pitch-circle diameter. Each plunger is 
spring-loaded, and fitted to the end of the plunger is a 
special bell-mouthed self-centering nipple connector. 
At the outboard end of the lubricator casing is a col- 
lector manifold, for collecting and distributing lubricant 
to each of the injector rams, which are fitted with a 
non-return valve. A short length of high-pressure 
flexible piping runs between each ram and its nipple 
connector, and a relief valve is incorporated at the 
nipple-connector end of each pipe. This valve is set 
at a higher pressure than the supply pump feed, so 
that, as a lubricant is puraped to the lubricator, it forces 
out and fills each of the injector rams. 

The lubricator unit is engaged by means of a hand 
lever which slides the whole unit along the axle. Two 
pins, fixed to the lubricator casing, then engage a steel 
driving ring, formed as part of the chain-sprocket 
wheel. As the lubricator casing rotates, each rocker 
arm is raised in turn and pushes forward its plunger. 
Lubricant is forced by the injector rams at high pressure 
through the nipple into the chain link pin. As the 
lubricator continues to rotate, each rocker arm and 
plunger is withdrawn and each injector ram is recharged 
with lubricant. The length of time the lubricator unit 
is left engaged depends upon the length of the conveyor 
and the chain speed. If the conveyor chain stretches 
or wears, thus increasing the chain pitch, the self 
centering nipple connectors automatically adjust them- 
selves, accommodating up to + 0-25 in. on the pitch 
of the chain. Provision is also made for adjusting the 
lubricator if wear takes place on the chain sprockets. 





In the illustration, the method of fitting to the 
sprocket wheel is shown. The stub axle can be seen 
on the sprocket wheel. The model illustrated is fitted 
with eight plungers and the lengths of flexible piping 
between the injector rams and plungers are shown. 


UNIVERSAL CUTTING AND TOOL-GRINDING 
MACHINE 


Introduced originally to satisfy the demand for a 
small universal machine suitable for use with Neven 
diamond-impregnated tools, the G.F.3, Mk. II and IIa, 
cutting and tool-grinding machine, manufactured by 
Impregnated Diamond Products Ltd., of Gloucester, 
is designed for chip-breaker grinding and similar tool- 
room work, and for certain production operations. The 
Mark II model has been developed on the same lines 
as the original Mk. I but incorporates many improve- 
ments; it also has a far higher degree of precision. 
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The Mk. IIa model, with automatic traverse, retains 
the simplicity of the Mk. II, with the addition of a 
sturdy and compact traversing unit. 

The Neven grinding wheel or cutting disc can be 
mounted either onto the motor-spindle flange, which is 
ground to run within 0-0005 in. total indicator reading, 
or onto one of two adaptors supplied, giving extensions 
to the spindle of 23 or 5% in. The totally enclosed, 
1-hp motor and the wheel can be turned in a horizontal 
plane 20 deg. in either direction, and a special scale is 
fitted for accurate setting. The table of the Mk. II 
model has a ground surface and is fitted in special 
slides, giving movement in three directions. The bearing 
surfaces are hand-scraped and final adjustment of the 
slides is by gib blocks. The controls are located in the 
front of the machine and are easily accessible, micro- 
scales being incorporated for accurate setting. 

A T-slot is provided in the top of the table, while a 
second T-slot in the front of the table houses adjustable 
stops for longitudinal traverse. Two controls are sup- 
plied for the longitudinal traverse, one for fast traverse 
and the other operating on a separate spindle for slow 
movement. The longitudinal action of the table is by a 
rack and pinion, whilst vertical and horizontal move- 
ment is by means of square threaded lead screws. As 
an additional item, a swivel table with a T-slot can be 
provided; this, together with centres, permits the 
grinding of milling cutters and reamers. 





The compact traverse unit on the Mk. IIa model 
(illustrated) is situated on the right-hand side of the 
machine and comprises a separate fractional horse-power 
motor on a rigid base, the drive being through change- 
gears and gear box to the driving shaft, which incor- 
porates two universal couplings. The whole of the 
mechanical drive for the traverse is enclosed in a neatly 
moulded cover, held in position by two knurled screws, 
as shown on the right of the illustration. A range of 
speeds from 2 to 12 inches per minute can be obtained 
through variations of the gears supplied. Change- 
gears to cover a wider range can be provided, if required. 
The table is controlled by means of micro-switches, 
operated by adjustable table stops. 
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SEAM WELDER FOR STAINLESS-STEEL 
SHEETS 
One production problem encountered in making 
“* Sapphire ” jet engine was the necessity to join 
oa with an air-tight seam, thin stainless-steel 
sheet, often unobtainable in widths greater than 14 in. 
At the Coventry works of Armstrong Siddeley Motors 
Ltd., makers of the engine, the difficulty has been 
overcome with a new seam-welding machine designed 
and manufactured by The General Electric Co. Ltd., 
of London, W.C.2. 





The new machine, iitustrated above, joins stainless- 
steel sheets, 0-004 in. thick, covering the insulation 
material used to absorb jet-engine heat, with a series of 
overlapping spot welds, each of one-cycle, '/soth-second 
duration, each weld being accurately timed by an 
electronic circuit incorporating thyratron valves. The 
welds are initiated automatically by a multi-vibrator 
circuit in which two gas-filled triode valves are so 
coupled that they always fire in synchronism with the 
supply-mains frequency. 

The sheets to be seamed are placed in position on a 
large worktable built around the welder head. The top 
electrode, a chrome-copper disc, and the upper of two 
pairs of guide rollers are then lowered into the working 
position by means of hand-operated levers. With a 
single rotary switch, the operator brings the machine 
into action and the seam is made at a speed of 2 feet 
per minute. The welder can be spaced 2, 3, or 4 cycles 
apart, to give 42, 31, or 25 welds per inch. 

One of the features of the machine is the use of a 
continuous wire electrode. Ordinary soft copper wire 
of 18 s.w.g. is passed continuously along a groove on 
the periphery of the bottom electrode disc, so that it 
forms the electrode surface. In this way a new electrode 
surface is provided for every weld; this method has 
obvious advantages over the use of a permanent elec- 
trode wheel, which would need constant redressing and 
would consequently decrease in diameter, presenting 
difficulties in matching its speed of rotation with that 
of the feed rollers. 

The wire is used direct from the reel on which it is 
supplied. It passes by way of pulleys round the bottom 
electrode disc to a driven reel, where it is taken up. The 
wire suffers only a slight burring during the welding 
operation and is used twice before being discarded for 
other purposes. 

The bottom electrode disc and the lower of each 
of the two pairs of guide rollers are driven by a geared 
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fractional horse-power motor which also supplies drive 
to the wire-winding reel. The guide rollers are lightly 
spring-loaded, while the front or feed rollers run at a 
slightly higher peripheral speed than the rear rollers, 
so that sheets are held taut, and long and straight seams 
can be made. The upper rollers can be lifted clear of 
the work to allow curved seams to be made. 

The rotary operating switch has 3 positions, marked 
‘off’, ‘run ”’, and ‘“‘ weld.” This arrangement ensures 
that switching is always carried out in the correct 
sequence, the driving motor being started before welding 
is initiated, and switched off only after welding has been 
stopped. Welding current is variable by both coarse 
and fine controls and electrode pressure can be set 
within the range of 20 to 100 lb. Graduated scales 
permit settings to be recorded for future reference. 

Before being seamed, the stainless steel sheets are 
tacked together with spot welds spaced about } in. 
apart. For this operation a separate machine—a G.E.C. 
4-kVA spot welder—is used, the welds again being of 
1-cycle duration, accurately controlled by an electronic 
circuit. The top electrode is carried in a special low- 
inertia holder, to give the quick follow-up necessitated 
by the rapid collapse of the metal being welded. A 
heavy-gauge metal sheet placed on the worktable serves 
as the lower electrode and the sheets are moved along 
by hand. 

This same spot welder is used for welding shaped 
components, the welder head, which can be moved 
radially and adjusted in height, being brought to the 
front of the machine and used with a lower electrode 
mounted on the slotted baseplate provided for this 
purpose. This baseplate is accurately machined, to 
facilitate the use of jig assemblies. 

Features of the spot welder include steplessly variable 
controls of current and pressure with graduated scales, 
true straight-line motion of the top electrode, a foot- 
operated weld switch, a visual ‘‘ weld-completed ” 
indicator, and built-in lighting to illuminate the work. 


*“ TORQUE-ARM ” SPEED REDUCER 


Development of the first shaft-mounted ‘‘ torque- 
arm” speed reducer to be made in Great Britain is 
announced by J. H. Fenner & Co. Ltd., of Hull. Made 
in 4 standard sizes, the new speed reducer has a fixed 
reduction of 15:1, and power ratings of up to 12 hp. 
With the addition of a V-belt drive, final fixed speeds 
of between 9 to 134 rpm are attainable. The range of 


application includes conveyors and elevators, agitators 
and mixers, screens and graders, and similar slow- 
speed machinery. 





The reduction unit mounts directly on the driven 
shaft, and is secured simply by locking the driven 
shaft into the bore of the reduction unit by means of a 
collar at either end and anchoring the torque arm to 
the nearest fixed object. Bushes are available to adapt 
the shaft diameter to the bore diameter, where the 
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former is less than the latter. V-belts assist in absorbing 
shock loads, and tensioning is greatly simplified by a 
turnbuckle adjustment on the torque arm. This latter 
feature dispenses with the need for motor slide rails. 
The reduction unit incorporates helical steel gears, 
shaved for quiet operation and heat-treated for long 
life. Ample-capacity deep-groove ball bearings facili- 
tate smooth runing and steel-covered, spring-loaded- 
neoprene oil seals retain oil and exclude dirt. The 
cast-iron housing, machined to give a clean appearance, 
is designed for minimum weight and ribbed for strength. 


AUTOMATIC MICRO-SIZERS 


The push-button micro-sizer recently developed 
by Arthur Scrivener Ltd., of Birmingham, is a hy- 
draulically-operated mechanism, so arranged that, on 
the pressure of an operating button, the fine-feed shaft 
of the machine is rotated a predetermined amount. The 
actual amount which the wheelhead is fed forward by 
each pressure of the push-button can be selected at 
will by the rotation of a selector knob at one end of the 
device ; this knob gives a range of five increments, 
varying from 0-0001 to 0-0005 in.; the exact amount 
being clearly indicated by numbers disclosed as the 
knob is turned. This device is particularly useful in 
shops on long runs of work to close limits where 
unskilled labour is employed to operate centreless 
grinders, as all that is necessary is for the operator, on 
gauging the work and finding it to be growing above the 
upper tolerance limit, to press the button and so 
advance the wheel the predetermined amount for 
compensation. 





The equipment illustrated is of the hand-operated 
type, but a second type extends the principle to elec- 
trical operation of the micro-sizer under the control of 
accurate pneumatic measuring equipment; this type 
is applicable for the continuous automatic control of 
size on through-feed centreless work. This latter com- 
bination has been worked out in conjunction with 
Sigma Instrument Co., Ltd., and utilises their twin-jet 
ring gauge, through which the work leaving the centre- 
less grinder is continually fed. 

A third type is intended for application to plunge- 
grinding operations, when it is not possible for the work 
to pass continuously through a ring gauge. Similar 
equipment to the second type is again used, but, instead 
of the ring gauge being fixed on the outgoing side of 
the machine, a suitable gauging head is mounted in a 
convenient position near the operator; thus, as the 
work is ejected from the machine, he places it in this 
head, which automatically checks the piece for size. 

In the case of a fully-automatic machine arranged 
for long runs on a plunge-ground component, it is 
sometimes possible for the feeding gear which places 
the piece between the wheels also to transfer the 
finish-ground piece to the measuring instrument, thus 
relieving the operator even of the task of transfer and 
rendering the operation entirely automatic. 
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AERONAUTICAL ENGINEERING 


Life Expectancy of Aircraft Under Thermal 
Flight Conditions. 


By G. GERARD. (From Journal of the Aeronautical 
Sciences, U.S.A., Vol. 21, No. 10, October 1954, pp. 
675-680, 5 illustrations.) 


THE prediction of life expectancy of an_ aircraft 
flying under elevated temperature conditions entails 
an intimate knowledge of the applied stress and tem- 
perature distributions, as well as a complete understanding 
of the behaviour of materials under the complex loading 
conditions associated with aircraft operation. This 
paper is concerned with certain new structural problems 
which result from the flight of aircraft under variable 
stress and elevated temperature conditions, arising from 
aerodynamic heating. Since creep is a governing factor 
in determining the life expectancy of the aircraft under 
elevated temperature conditions, a review is made of 
test data under alternating and cyclic stress conditions. 
To a first approximation, these data indicate the 
following :— 

(a) For an alternating to mean-stress ratio of 
roughly less than 0-5, the alternating stresses do not 
substantially affect the creep curve obtained under the 
mean stress conditions. 

(b) Under cyclic stress conditions, it appears that 
the total creep results from the net time spent at each 
stress level. 

(c) Under cyclic loading conditions, the timing 
pattern is apparently unimportant, as long as the 
loading is applied in a repetitive fashion. 

Calculations indicate that the alternating to mean- 
stress ratio resulting from gust loadings will be less than 
0-5. This, in conjunction with the information given 
in (a), indicates that gust loadings may be relatively 
unimportant as far as their effects upon life expectancy 
are concerned. 

A method of analysis for life expectancy under 
variable stress and variable temperature conditions is 
given, based upon a cumulative creep hypothesis. The 
analysis is rather simple and direct and is based upon 
the somewhat limited experimental evidence given in (b) 
and (c). The proposed method of analysis requires 
extensive testing and verification before it can be applied 
with confidence to the prediction of aircraft life 
expectancy. 





ELECTRICITY AND MAGNETISM 


Conditions for Square Hysteresis Loops in Fer- 
rites. 


By H. P. J. Wiyn, E. W. Gorter, C. J. ESVELDT, and 
P. GELDERMANS. (From Philips Technical Review, 
Holland, Vol. 16, No. 2, August 1954, pp. 49-58, 14 
illustrations.) 


MAGNETIC cores with approximately rectangular hys- 
teresis loops have a wide range of application. They are 
used, for example, in computing machines and automatic 
pilots, and for magnetic switching elements. 

For a memory element, the requirements are that, 
when a square pulse of a certain height is passed through 
the magnetising coil, the core shall revert to its original 
condition after passage of the pulse, but when a pulse 
of double this height is passed through the coil, the 
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magnetisation of the core shall be reversed after passage 
of the pulse. When the material is used for switching 
elements, the magnetisation must not be affected by a 
positive pulse, but must be reversed by a negative pulse 
of the same height. 

The pulses employed in these techniques are usually 
of very short duration, so that during the pulse the 
variation in the current assumes very high values, as a 
result of which rapid variations occur in the induction, 
and eddy currents are produced. 

It is important that the magnitude of these eddy 
currents should be minimised. In ferromagnetic metals 
this is achieved to a limited extent by building up the 
core from very thin insulated laminations of the material ; 
in practice, however, it is difficult to construct such 
laminated cores to give nearly rectangular hysteresis 
loops. Magnetically soft materials such as ferrites, which 
are at the same time poor conductors, offer considerable 
advantages over the use of laminated ferromagnetic 
metals in pulse applications. 

As pointed out in this article, the shape of the 
hysteresis loop of ferrites is determined by the nature 
of the anisotropy governing the direction of the mag- 
Netisation vector (crystal, stress, or shape anisotropy). 
Pronounced crystal anisotropy is an advantage (and with 
it the accompanying low initial permeability), but it 
should not be so high that the coercive force becomes 
too great. In order to minimise the other kinds of 
anisotropy, internal strain and porosity should be 
avoided. This article describes a number of suitable 
ferrites especially developed for various purposes and 
enumerates their properties. 


ELECTRONICS 


The Use of Feedback in Transistor Amplifiers. 


By S. SCHENKERMAN. (From Electronics, U.S.A., Vol. 
27, No. 11, November 1954, pp. 129-131, 4 illus- 
trations.) 


TRANSISTOR amplifier technology is described quite 
fully in the literature ; however, the circuits discussed 
are usually power amplifiers. Unlike the vacuum tube, 
the transistor requires input power and the power gain 
is therefore finite, being about forty decibels for types 
at present available. For this reason, most workers in 
the field prefer to employ each stage of a transistor 
amplifier for power gain, instead of following the more 
conventional practice of relegating the conversion from 
voltage to power to the output stage. 

There are many applications in which it is more 
desirable to employ transistors as voltage-amplifying 
elements. However, the characteristics of the transistor, 
i.e., its low input impedance and high output impedance, 
hinder its use for voltage amplification, where the reverse 
impedance levels are necessary. 

To circumvent this difficulty several schemes have 
been suggested. In one approach, transformer inter- 
stage coupling is employed to obtain the desired 
impedance transformations. Another method makes 
use of input and output common collector (cathode fol- 
lower) stages for coupling to and from the amplifier 
proper. This latter scheme suffers from the disad- 
vantage that the common collector stages do not 
directly contribute to the amplification of the signal. 

The technique described in this paper makes use 
of the following properties of negative feedback :— 
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(1) shunt feedback reduces the impedance level; (2) 
series feedback raises the impedance level; and (3) 
both increase circuit stability. By employing degenera- 
tive feedback in parallel with the output and in series 
with the input, the impedances required for voltage 
amplification are obtained. Simultaneously, the circuit 
is stabilised against component variation. 

The circuits discussed in this article are certainly 
not exhaustive, but rather indicate a few general ideas. 
Many possibilities remain to be explored, Mixed con- 
figurations such as common emitter to common col- 
lector should prove useful in obtaining simple biasing 
arrangements. Along the same line, npn and pnp 
transistors in symmetrical circuitry appear promising ; 
so too does the use of multi-electrode transistors, some 
types of which are now becoming available. 


MACHINE-SHOP PRACTICE 


Power Brushing. 


By R. O. PETERSON. (From The Tool Engineer, U.S.A., 
Vol. 33, No. 5, November 1954, pp. 71-77, 9 illus- 
trations.) 


Power brushing, once considered an auxiliary finishing 
operation, is now an efficient production tool. Ten 
years ago, relatively few operations were handled by 
brushing methods ; to-day, a metal-working plant may 
use brushes for a hundred or more different operations. 
They are effectively and economically used for many 
jobs, including conditioning surfaces to achieve specific 
characteristics, removing burrs and surface films, 
finishing edges, imparting a characteristic to a surface, 
or causing the movement of material from or along a 
surface. 

Brushing tools are unsuitable for removal of 
appreciable quantities of metal or other materials from 
a surface to achieve a dimensional size. They are, 
however, effective as tools for removing small amounts 
of metal to eradicate surface markings and to blend 
surface junctures. Frequently, the removal of only a 
small amount of material prevents undesirable sharp 
edges. 

Many of these operations can, of course, be performed 
by other means. Among others the advantages of power 
brushing are, however, the following :— 

(1) Process versatility—the possibility of varying 
degrees of mechanisation, ranging from strictly off-hand 
operations to fully automatic equipment with practically 
every degree between these two extremes, depending 
upon the volume and the rate of production required. 

(2) Brushes and brushing equipment constitute 
important productions tools because they fit into those 
manufacturing operations where the ratio of labour 
costs to other production costs is high. With well 
designed machines, capable of feeding and guiding the 
workpieces, the rate of production-finishing by brushes 
is comparable with that of other related manufacturing 
operations. With thorough consideration of the proper 
application, power-brushing methods can constitute a 
means of reducing labour costs by minimising skilled- 
labour requirements. 

(3) The flexibility of brushes, as compared with 
set-up wheels or abrasive belts, is a characteristic which 
enables them to conform to the many slight irregularities 
and contours of a part. Brushes act uniformly over the 
surface, penetrating slight recesses. In contrast, grinding 
wheels work on the high spots alone. By penetrating 
surface irregularities, the brush is able to blend edges 
and surfaces. In addition to promoting a pleasing ap- 
pearance, this blending reduces stress concentration 
areas, from which fractures can propagate and promote 
corrosion. 

(4) Power brushes help to solve many problems of 
excessive local stress concentration and progressive 
fracture by providing fast, economical, and effective 
production methods for producing smooth curves in 
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place of sharp tool and grit marks and surface junctures. 
Bolts and studs are particularly vulnerable to rupture 
under heavy tensile loads. Removal of sharp edges and 
attendant burrs, without changing the shape of the 
threads and without removing a measurable amount of 
metal, reduces the stress-concentration area and assists 
in overcoming this problem. Other methods of re- 
moving burrs frequently substitute two sharp stress- 
concentrating edges for each one removed. With 
correct brushing technique, a smooth-curve blending 
of the sharp edge juncture is produced in place of the 
burrs. 


POWDER METALLURGY 


Chromium-Nickel Alloy Steel Powders for High- 
Strength Parts. 


By E. Gorpon, W. V. KNopp, and J. D. SHAW. (From 
Materials & Methods, U.S.A., Vol. 40, No. 4, 
October 1954, pp. 107-109, 2 illustrations.) 


SMALL amounts of pre-alloyed chromium-nickel pow- 
ders added to iron powders show considerable promise 
for making high-strength structural parts. Previous 
work has established that blends of pre-alloyed 
chromium-nickel powders and iron powders can be 
used to make alloy-steel compacts with exceptional 
properties. High tensile strengths and relatively good 
elongation are consistently obtained without using 
secondary operations such as coining or infiltration. 
While, in the preliminary work, only relatively costly 
electrolytic iron powder was investigated, it has now 
been found that a low-cost reduced iron powder of low 
weight loss in hydrogen can also be used. In addition, 
it has been determined that parts made with iron and 
pre-alloyed chromium-nickel powder are extremely 
wear-resistant. 

To establish the best powder blends, alloy powder 
additions from 1-5 to 20° were made to electrolytic 
iron powder with 1°, carbon added. On the basis of 
economics and optimum physical properties, the alloy 
powder additions found most satisfactory are 25% by 
weight of 80°,Cr—20°%Ni, and 7:5°% by weight of 
50°,Cr—50°,Ni. Chromium-nickel alloy powders 
produced by the hydride process have low oxide content 
and the particles have a relatively porous, irregular 
structure. 

The best practical results are obtained by pressing 
at 50 tsi and sintering for one hour at 2190° F. In some 
cases, sintering for two hours at this temperature gives 
higher strengths, but two hours is considered too long 
a period for normal commercial practice. Dry hydrogen 
is the best atmosphere but, although economically 
feasible, it is relatively expensive compared with other 
atmospheres. Dissociated ammonia and prepared endo- 


(Continued overleaf) 








HYDROGEN EMBRITTLEMENT OF A 
TITANIUM ALLOY 
(Concluded from page 504) 


vacuum-annealed material. For the curves of higher 
hydrogen content (Figs. 1 to 3), the effect of hydrogen 
is to superimpose an embrittling action upon the normal 
transition characteristics of the alloy. The loss in duc- 
tility occurs at higher temperatures with increasing 
hydrogen. It has been proposed that the transition 
range of any specific alloy, as determined by slow tensile 
tests, be used as the criterion for the amount of hydrogen 
the material can tolerate without having its ductility 
properties seriously impaired. 

From the foregoing it appears urgently necessary 
for the effect of hydrogen contamination on the pro- 
perties of various commercially available titanium alloys 
to be determined. 
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Our engineers offer their services to all who are at the design 
stage and are contemplating the use of Timken tapered-roller 
bearings. Timken bearings have many attractions for the 
designer, arising cut of the fact that two bearings suffice to 
mount a shaft and resist radial loads, thrust loads and tilting 
loads from all directions. Moreover they are initially adjustable 
to give the requisite internal clearance or pre-loading. 


This desirable simplicity occasionally results, however, in an 
installation being put into service in which the full advantages 
of the Timken bearing are not utilized. We have great wealth 
of knowledge, covering a wide range of sizes and applications 
of Timken bearings; our experience, too. is augumented by 
that of a subsidiary company making parallel roller and ball 
bearings. When we invite designers to consult us, therefore, 
we do it with the full knowledge that, in the majority of cases, 
we have been able to help towards a greater performance on 
the part of a machine, to a simplification or compacting of the 
design, and to easier assembly and dismantling, generally with 
considerably greater durability. 


BRIFISH TIMKEN LTD., 
DUSTON, NORTHAMPTON (HEAD OFFICE); AND BIRMINGHAM 
Telephone: Northampton 4921/8 Telegrams: Britimken Phone Northampton 


Subsidiary Companies : 
Fischer Bearings Company Ltd., Wolverhampton. Timken-Fische Stockists Ltd., Birmingham 
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thermic gas can also be used for sintering, but lower 
tensile strength and elongation can be expected. What- 
ever atmosphere is used, it is important to remember 
that it should be dry. 

Shrinkage of parts made with these powder com- 
binations is of the same order as for regular iron powder 
parts. Addition of lubricants to the powders results 
in compacts having mechanical properties equal to, or 
better than, those without lubricants. 

Although the application of chromium-nickel alloy 
steel powders is still in its infancy, the properties 
attainable with them indicate that they will find use for 
structural parts where high strengths or good wear 
characteristics are required. Parts which must possess 
such properties include a wide variety of gears, cams, 
rollers, and eccentrics. 


RECTIFIERS 


Some Investigations on the Electrical Properties 
of Hexagonal Selenium. 


By L. M. NIJLAND. (From Philips Research Reports, 
Holland, Vol. 9, No. 4, August 1954, pp. 259-294, 
17 illustrations.) 


THERE are many problems arising in research on selenium 
rectifiers. The forward resistance of these rectifiers can 
be decreased by adding, for instance, halogens such as 
chlorine or bromine, or halides to the selenium to be 
used ; it is possible, according to patent literature, to 
stabilise a once-gained high conductivity of the selenium 
by various other compounds. Almost all these additions 
have one thing in common :—It is not easy to find a 
suitable position for these impurities in the selenium 
lattice. ‘Thus, it might be of interest to measure the 
density of electrical charge carriers both in pure and in 
impurified selenium, to trace its possible correlation 
with the density of the impurities. Such measurements 
might also give information on the length of selenium 
chains in crystallised selenium, and, on the whole, on the 
mechanism of electrical conduction in selenium. 

Many other problems arise when investigating the 
possibilities of increasing the quality of the current- 
voltage characteristic of a selenium rectifier in the 
inverse direction. Patent literature describes a multi- 
tude of elements and chemical compounds which, when 
applied under favourable conditions, should change the 
properties of the rectifier in the way desired. Thallium 
and its compounds are often used for this purpose ; 
because not only the electrical properties of the selenium 
surface, but also the bulk resistivity of selenium, are 
strongly influenced by thallium, the electrical properties 
of the thallium-selenium system seem to be extremely 
suitable for research. 

No reliable data on fundamental quantities such as 
hole densities and mobilities are found in the literature. 
This article describes investigations on these subjects 
and the development of a method of purifying selenium 
by evaporation near its melting point. High-frequency 
measurements of the conductivity of pure and of 
thallium-doped selenium samples comply with the 
assumption that polycrystalline selenium consists of 
rather well-conducting crystals embedded in badly con- 
ducting layers of more or less amorphous selenium. 
Thallium increases the resistance of the layers and does 
not effect, or only slightly affects, the resistance of the 
crystals. Measurements of the Hall effect and of the 
shunt resistivity against the frequency of pure and of 
bromine-containing selenium samples point to the same 
layer structure. Bromine does not affect the resistivity 
of crystals but lowers that of the layers. Single crystals 
prepared in a bromine-containing atmosphere have the 
same resistivities as those of pure crystals. 

The article concludes with a discussion of the 
experimental results and points to a model with both 
amorphous and crystallised parts in the same selenium 
chain. 
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ROLLING-MILL PRACTICE 


The Roll-Setting Method of Automatic Control 
of Gauge in Hot and Cold Rolling Mills. 


By R. B. Sims and K. H. SLack. (From a paper pre- 
sented at a meeting of The Institution of Mechanical 
Engineers, London, December 3, 1954, 10 pages, 11 
illustrations.) 





THE prime importance to the rolling industry of a 
practical method of automatic gauge control is well 
known, for not only would it reduce or eliminate the 
off-gauge scrap which is at present an inevitable and 
heavy loss in mill output, but it would also permit the 
industry to supply the ever-increasing demands for 
large tonnages of precision-rolled wide strip, at present 
met only by employing close and costly inspection of 
the material after rolling. 

Many methods of gauge control have been proposed 
in the past, the majority of them based on the continuous 
measurement of the rolled-strip thickness. None has 
come to be generally accepted. The major difficulty in 
controlling gauge from a direct measure of the thickness 
is that the micrometer, whether of the contact or 
radiation type, must be placed some distance from the 
roll gap, and this introduces a delay which, when 
associated with the other considerable time lags in the 
elements of the control system, complicates enormously 
the design of a stable controller with a fast response. 
Another objection to the use of a continuous-strip 
micrometer to detect off-gauge arises from the fact that 
there is no contact type suitable for hot mills, and there 
are many objections to using the radiation type for this 
purpose. The only method of gauge control regularly 
in use in production is that due to Blain (1948) who 
takes the variation in the distance between the centres 
of the work rolls as a measure of off-gauge. 

A closed-loop regulator has been constructed to 
demonstrate, on a pilot-plant scale, a method of auto- 
matically controlling the gauge of sheet and strip rolled 
in hot and cold mills. A measure of the departure from 
gauge is obtained from simultaneous measurements of 
roll load and roll setting, and correction is made by 
varying the position of the rolls. The controller is 
described in this paper, together with experiments 
which demonstrate that the method is capable of con- 
sistent rolling to close tolerances in gauge. 

The experiments show that, by the setting method 
of control, strip can be rolled within close tolerances of 
the gauge to which it is set. The strip thickness is under 
control almost immediately it enters the rolls and is 
maintained to the end of the coil, regardless of changes 
in friction, ingoing gauge, and yield strength. In a 
normal strip mill the control would also be independent 
of changes in tension. 

Despite the limitations of the experimental equip- 
ment, the performance in the rudimentary experimental 
mill indicates that the method is one of great promise and 
will control all types of material, hot or cold, in either 
sheet or strip form. In use it will simplify mill handling 
considerably, since setting-up will consist only in ad- 
justing the control to the thickness required. 

The regulator is based essentially on hydraulic 
loading of the rolls, and this implies that successful 
industrial plant will need to be specially designed for 
the method. The ‘‘S ” method of gauge control may 
be applied to the majority of existing mills using the 
screwdown method described by Sims and Briggs 
(1954). This system, however, has not the speed or 
high order of accuracy of the hydraulic controller. 
Finally, with regard to the relative merits of the tension 
and roll-setting methods of automatic-gauge control, 
the setting method is of wider application and permits 
greater flexibility in mill handling and control of shape 
of the rolled product. The tension method, however, 
will find its use in small or medium-size single-stand 
cold mills. 
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Tecalemit lubrication systems 
—fully automatic, semi-auto- 
matic or manually operated— 
feed every bearing with the 
correct amount of oil or grease 
at the correct intervals of time, 
regularly . . . unfailingly ... 
efficiently. A Tecalemit 
engineer will gladly call to 
discuss your particular lubri- 
cating problems with you. 
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‘ Horace and the Machine Shop Foreman 























Horace gazed at the camel and turned io the Machine 

Shop Foreman, who was feeding buns to a bored elephant. 

* Why does the camel have that awful lump on his back ?” he 
asked, attracting the M.S.F.’s attention by kicking his 

shins. The M.S.F. looked down at the boy and wondered idly if it 
was against the law to feed small boys to lions. ‘ That is 

the camel’s hump, Horace,’ he explained; ‘ in there he stores 
grease and liquid which he can call on as he needs it and so work for 
weeks without needing attention.’ ‘ Don’t be silly,” scoffed 
Horace, ‘ how could he have a Tecalemit Automatic Lubricator 
inside his back?’ The M.S.F. groaned, and in his exasperation 
unwittingly fed his best hat to the elephant. 


TECALEMIT 


The Authority on Lubrication 
PLYMOUTH, ENGLAND T475b 
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STRESS ANALYSIS 


Dynamic Stresses in Electric Overhead Travel- 
ling Cranes. 

By E. LIGHTFOOT and B. L. CLARKSON. (From a paper 
presented at a meeting of The Institution of Mechanical 
Engineers, London, November 26, 1954, 12 pages, 9 
illustrations.) 


TuIs paper describes a series of tests which were 
carried out on three lattice-type electric overhead 
travelling (E.O.T.) cranes to determine the impulsive 
effects due to the sudden hoisting and lowering of 
loads. Dynamic strains were measured from electric- 
resistance strain-gauge recordings taken during the 
tests. The stresses computed from these strains are 
compared with values from a complete theoretical 
analysis and with values obtained from three approx- 
imate formulae. Finally, a method is proposed for the 
evaluation of the dynamic factor in design. 

The conclusions derived from these tests are :— 

(1) The highest dynamic stresses in an E.O.T. 
crane during normal usage on good rails are those re- 
sulting from the action of hoisting a load. 

(2) The magnitude of these dynamic stresses due 
to hoisting may be related to the steady stress by means 
of an overall dynamic factor D. This factor depends on 
the speed of hoisting, the deceleration (if any) during 
hoisting, the stiffnesses of the tackle and girder, and 
the masses of the girder, crab, and load lifted. 

(3) The form of the stress-time curve during hoisting 
may be determined fairly closely by an analysis based 
on a double-spring conception. This method assumes 
a linear load extension for the tackle and no damping 
in the system and, consequently, over-estimates the 
value of D to a small extent. 

(4) The approximate methods based on dimensional 
analysis, and on a simplified spring system with no 
mass in the crane girder and crab, give good agreement 
with the important experimental results. 

(5) The formula D = 1 + CV, where C is a con- 
stant depending on the crane classification, and V is the 
rated hoisting speed in inches per second, gives good 
results and is suggested for the first design. 

(6) The action of braking, whilst lowering a load, 
sets up dynamic stresses in the crane girder, and these 
are usually lower than those due to snatching. 

(7) The magnitude of the dynamic factor for 
braking whilst lowering depends on the deceleration 
produced and the crane characteristics, as in conclusion 
(2) above. 

(8) The theoretical analysis based on the double- 
spring conception closely predicts the form and mag- 
nitude of the experimentally determined stress-time 
variation for braking whilst lowering. 

(9) The approximate formula derived from dimen- 
sional analysis permits this dynamic factor to be easily 
calculated to a good degree of accuracy. 





WELDING 


Prediction of Angular Distortion Caused by One- 
Pass Fillet Welding. 


By T. KumosE, T. YOSHIDA, T. ABBE, and H. ONOUE. 
(From The Welding Journal, U.S.A., Vol. 33, No. 10, 
October 1954, pp. 945-956, 38 illustrations.) 


DISTORTION difficulties caused by butt welding are 
comparatively easy to handle. Avoidance of angular 
distortion caused by fillet welding has not been considered 
much till recently. Some of the reasons for this trend 
could be attributed to the fact that publications on 
angular distortion caused by fillet welding could not 
be readily applied to practice, since each research was 
done under different conditions of multi-pass fillet 
welding and data on the subject were practically im- 
possible to compile, owing to lack of uniformity of 
information. In the application of one-pass fillet welding 
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in shipbuilding, welding conditions are different from 
those of multi-pass fillet welding. In contact welding 
(one-pass), analysis was made easier and compiled data 
were made useful for practice. 

From the viewpoint of ship-welding application, 
the authors, through the research described in this 
article, obtained material to predict quantities of free 
angular distortion caused by one-pass fillet welding 
effected with a.c. arc welders under conditions most 
applicable to shipyard practice, and, furthermore, ma- 
terial was sought to determine quantities of plastic and 
elastic pre-strain with a view to avoiding such distortion. 

The materials used were all shipbuilding stock of 
mild-steel plating, thickness ranging between 6 and 16 
mm, and welded under various conditions, using a leg 
length between 6 and 10 mm. Testpieces totalled three 
hundred. The magnitude of free angular distortion 
caused by one-pass fillet welding was measured and 
maximum value of angular distortion was found when 
flange thickness ranged between 10 and 12 mm in a 
tee-joint. Findings of effects of plastic and elastic pre- 
strain upon angular distortion with the view of avoiding 
angular distortion are discussed, and, in addition, 
formulae and curves are given for immediate application 
of elastic pre-strain to predetermine angular distortion 
in production welding. 


WIRE AND WIRE PRODUCTS 


Calculation of the Temperature Characteristics 
of Wire in Patenting and Hardening Plants. 


By W. MatiacH. (From Draht (English Edition), 
Germany, October 1954, pp. 15-21, 13 illustrations.) 


A suRVEY of the methods of heat-treatment used in the 
wire industry leads to the conclusion that the continuous 
process is generally applied whenever the greatest uni- 
formity and homogeneity of the wire structure are 
required. The most important parts of the equipment 
of wire patenting or hardening plant are :—(1) The 
annealing furnace, with temperatures up to 1000° C, 
for heating the wire above the AC, point; (2) the 
patenting bath (lead or salt bath at 450 to 550°C in 
patenting plants, or cooled oil bath in hardening plants) ; 
(3) the cooling channel for air patenting ; and (4) the 
tempering bath (lead or salt bath at 400 to 600° C) in 
hardening plants. 

In order to utilise the plant fully at the maximum 
transit speed, the length and performance of the in- 
dividual parts must be co-ordinated. It is evident that 
the temperature characteristic of the wires forms the 
basis for the assessment and design of patenting and 
hardening plants which produce wire of the highest 
quality at the lowest possible cost. All previous ob- 
servations on the construction of heat-treatment plants 
of this type indicate that few calculations are performed 
and that, with few exceptions, the design of the furnaces 
is based mainly on empirical figures and formulae. It 
can be assumed that the length of the furnace, the 
transit speed, and the heating periods differ widely in 
every works. 

An attempt is therefore made in this article to deter- 
mine exact figures by means of thermodynamic principles 
and methods. After a general survey of the different 
thermodynamic phenomena occurring in patenting and 
hardening plants, and a short discussion of several types 
of annealing furnaces, the well known expression for 
heating up a thin-walled charge is presented, avoiding 
the complicated general thermal conductivity equation. 
It is proved that, for maximum utilisation of the furnace, 
the throughput of surface area must be kept constant, 
instead of following the general practice of maintaining 
the weight constant throughout. Graphs are plotted for 
heating-up or cooling problems frequently encountered 
in the wire industry. In conclusion, an example of the 
calculations made for a patenting furnace of 12 m 
in length is presented. 
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PERSONAL 


Sir Rupert de la Bere, Bt., K.C.V.O., M.P., former Lord 
Mayor of London, has been elected the first vice-president of the 
Institute of General managers, 86 Eccleston Square, London, S.W.1. 


Mr. J. V. Bigg, M.A., A.M.I.Mech.E., has been appointed 
assistant chief engineer, Condenser Engineering Department, 
Metropolitan-Vickers Electrical Co. Ltd., Trafford Park, Manchester 
17. Mr. J. A. Walker, Assoc.M.C.T., M.LE.E., has been ap- 
pointed assistant manager of the Sheffield office, and Mr. K. Green- 
wood, B.Sc.(Eng.), district engineer, Erection Department, 
Glasgow. 

Mr. K. H. Bishop, general sales manager, Mr. F. W. Brooks, 
works accountant, and Mr. A. E. Pollard, assistant to the works 
director, have been elected to the Board of A. A. Jones and Shipman 
Ltd., Leicester. 


Mr. V. J. Cooper, B.Sc., A.C.G.I., M.LE.E., M.Brit.LR.E., 
has been appointed chief engineer, advanced development, of 
Marconi’s Wireless Telegraph Co. Ltd. Mr. E. Green, M.Sc., has 
relinquished his position as head of the transmitter advanced 
development group, will continue, however, on a full-time basis 
as a consulting engineer to the Company. 

Rear-Admiral Walter Thomas Couchman, C.B., C.V.O., 
D.S.O., O.B.E., has been appointed by the Minister of Supply, 
Mr. Selwyn Lloyd, to succeed Vice-Admiral Caspar John, C.B., 
as Deputy Controller of Aircraft, Ministry of Supply, in March, 
1955. 

Mr. P. S. Firmin has been appointed works director of 
Waymouth Gauges and Instruments Ltd., Godalming, Surrey, 
a subsidiary company of Smith, Aircraft Instruments Ltd. 


Mr. Lawrence Halpin and Mr. F. A. Hurst have been 
elected directors of Low Moor Alloy Steel Works Ltd., Low Moor, 
Bradford, Yorkshire. 

Mr. R. A. Harding, following his recent appointment as 
managing director of Macrome Ltd., has now been appointed 
managing director of Hallmac Tools Ltd., Aldersley, Wolverhampton. 

Mr. W. Latta, sales manager of Rhodes, Brydon & Youatt Ltd., 
Waterloo Engineering Works, Stockport, has been elected a director 
of the Company. 

Mr. P. J. Lovegrove has been appointed sales manager of 
Measuring Instruments (Pullin) Ltd., Winchester Street, Acton, 
London, W.3. 


Mr. J. C. Milne, M.LE.E., M.Amer.1E.E., technical director 
of the Electric Construction Co. Ltd., Bushbury Engineering Works, 
Wolverhampton, has been appointed managing director of the Com- 
pany, in succession to the late Mr. W. M. B. Furniss. 


Mr. John Newble, formerly of British Celanese Ltd., has been 
appointed advertising manager of the British Materials Handling 
Division of The Yale & Towne Manufacturing Company, 
Wednesfield, - Staffordshire. 

Dr. L. F. C. Northcott, who has been a Superintendent in 
the Metallurgical Research Department of the A.R.E. since 1947, 
has been promoted to Deputy Chief Scientific Officer and has been 
appointed Senior Superintendent of Applied Research at the 
Armament Research Establishment at Fort Halstead. 

Mr. A. H. Pendree has been appointed general sales manager, 
and Mr. Milton S. Meyer has been appointed director of sales, 
of The Goodyear Tyre and Rubber Co. (G.B.) Ltd., Wolverhampton. 
These appointments follow the election of Mr. Walter A. Hazlett 
to vice-president of The Goodyear Tire and Rubber Co., Inc., and 
the appointment of Mr. Archibald S. Bishop to the position of 
managing director of the Goodyear Company. 


Mr. A. E. Potter has been appointed sales director of Ex- 
pandite Ltd., Chase Road, London, N.W.10. 


Mr. Henry F. Spencer, managing director of Richard Thomas 
snd Baldwins Ltd., and director of the Steel Company of Wales Ltd., 
has been elected Chairman of the British Institute of Management, 
8, Hill Street, London, W.1, in succession to Sir Hugh Beaver. 


Mr. F. P. O. Strange has been appointed sales manager, and 
Mr. C. D. Wenham, contracts manager of Teddington Industrial 
Equipment Ltd., Windmill Road, Sunbury-on-Thames, Middlesex. 


Dr. A. G. Touch has been appointed director of electronics 
research and development, Ministry of Supply, in succession to 
Air Commodore W. G. Pretty. Air Commodore C. A. Bell 
will succeed Dr. Touch as deputy director, electronics research and 
development (Air). 

Mr. Charles Keir Turner-Hughes, A.F.R.Ae.S., has been 
appointed commercial manager of the Aircraft Electrical Division 
of The Plessey Co. Ltd., Ilford, Essex. 

Mr. L. C. W. Turner, sales director of Brush Electrical 
Engineering Co. Ltd., Loughborough, has taken over the duties 
and responsibilities of Mr. R. S. D. Bagnall, who has been re- 
leased, at his own request, from his appointment as home sales 
manager of the Company. 
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Mr. J. A. Wellings has been appointed a director and vice- 
president of Canadian Steel Improvement Ltd., Etobicoke, Ontario, 
Canada, which is associated with High Duty Alloys Ltd. through 
the Hawker Siddeley Group. 


Mr. G. W. Wells and Mr. P. F. Benton Jones have been 
elected to the Board of The United Steel Companies Ltd., 17 
Westbourne Road, Sheffield 10. 


_Mr. C. A. Winn, M.LN.A., joint managing director of C. H. 
Bailey Ltd., Cardiff, has been elected President of the Shipbuilding 
Employers’ Federation, in succession to Mr. T. Eustace Smith, 
T.D., M.I.N.A., managing director of Smith’s Dock Co. Ltd., 
North Shields and South Bank-on-Tees. Mr. Horace Wilson, 
M.IL.N.A., M.LE.S., chairman and managing director of Wm. 
Hamilton & Co., Ltd., Port Glasgow, has been elected senior vice- 
president, and Mr. E. J. Hunter, M.I.N.A., M.I.Mar.E., director 
of Swan, Hunter and Wigham Richardson Ltd., and Mr. G. C 
Parker, M.I.N.A., M.I.E.S., managing director of the Caledon 
Shipbuilding and Engineering Co. Ltd., Dundee, have been elected 
vice-presidents. Mr. Henry Robb, M.I.N.A., M.LE.S., chairman 
and managing director of Henry Robb Ltd., Leith, has been elected 
chairman, and Mr. Howard Johnson, M.I.N.A., M.LE.S., 
managing director of Hall, Russell & Co. Ltd., Aberdeen, vice- 
chairman, of the Conference and Works Board. 


TECHNICAL STAFF CHANGES AT SHORT BROS. & 
HARLAND LTD. 


Short Bros. & Harland Ltd. of Belfast announce a regrouping 
of their design teams. The technical staff will now be divided into 
four groups—Structures, Project and Aerodynamics, Aircraft 
Design and Castlereagh—under the overall direction of Mr. David 
Keith-Lucas, director and chief designer. 

The five members of the company principally involved in the 
new organisation are :— 

Mr. R. Boorman, previously Deputy Chief Engineer, now appointed 
Chief Structural Engineer. 
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Mr. C. D. Hatton becomes Assistant Chief Engineer (Aircraft). 

Mr. ©. H. Robertson becomes Chief Project Designer. 

Mr. K. L. C. Legg, formerly Assistant Designer, Structures, be- 
comes Structural Development Engineer. 

Mr. &. P. Youens, formerly Chief Aerodynamicist, is now Advance 
Projects Engineer. 

The Structures Group is concerned with the structural develop- 
ment of metals, plastics and materials, the structural design and 
stress analysis of each project, strength and vibration testing, and 
weight control. 

{he Project and Aerodynamics Group, which comes directly 
under Mr. David Keith-Lucas, consists of a Project Office, a 
Hydrodynamics Department, Aerodynamics Department, Wind 
Tunnel, and mathematical services. 

The Aircraft Design Group, under Mr. H. G. Conway, chief 
engineer, is divided into three main sections—Aircraft proper, 
Guided Missiles, and Research. 

Castlereagh. This is so called because it is located at Short’s 
Castlereagh factory and now contains guided weapons and research 
departments. In addition, a new department known as Special 
Products has been established. 


BUSINESS NOTES 


The Rectifier Division of Standard Telephones and 
Cables Ltd. will be moved from Boreham Wood, Hertfordshire, 
to a new factory at Edinburgh Way, Harlow, Essex. Telephone : 
Harlow 26811. The transfer is scheduled to take place on December 
15th, 1954. 


J. E. Baty & Co. Ltd., 39 Victoria Street, London, S.W.1, 
announce that their new telephone number is ABBey 7382, five lines. 


The Telegraph Construction & Maintenance Co. Ltd., 
Telcon Works, Greenwich, London, S.E.10, announce the opening 
of new branches and depots at Potters Buildings, Warser Gate, 
Nottingham, Telephone: 44559, in charge of Mr. J. L. Woollett, 
A.M.LE.E.; at 16/17 Hill Terrace, Cardiff, Telephone: 27467, 
in charge of Mr. J. B. Livesey, A.M.I.E.E., and at Gloucester 
House, 270 Corporation Street, Birmingham, Telephone: Central 
6191, in charge of Mr. J. H. Barham, A.I.E.E. 


Clarkson (Engineers) Ltd., Nuneaton, have opened a new 
branch at 15 Heath Mill Lane, Birmingham 9, Telephone : Victoria 
3994. 


F. C. Robinson & Partners Ltd. announce that they have 
acquired larger premises at 122 Seymour Grove, Old Trafford, 
Manchester 16, from which address the Head Office, Sales, Service 
and Contracts Departments will be operating as from the 13th 
December, 1954. The new Telephone Number is Chorlton 5366. 
The move does not affect the factory of the Company at Councillor 
Lane, Cheadle, Cheshire. 


General & Overseas Trading Corporation Ltd., Down- 
shire House, Roehampton Lane, London, S.W.15, announce that 
they are now acting as export concessionaires for Rainville En- 
gineering Co. Ltd., Alumilite & Alzak Ltd., Saturn Industrial 
Gases Ltd., Gospo Ltd. and Metal Chemical Treatments Ltd. 


Newall Group Sales Ltd., Old Fletton, Peterborough, 
announce that as from the lst January, 1955, they will no longer 
be represented in Scotland by Drummond-Asquith Ltd. Mr. J. 
Winskill, northern area sales manager for the Newall Group of 
Companies, whose address is ‘‘ Oakhurst,” Dibbinsdale Road, 
Bromborough, Wirrall, Cheshire, will cover the Scottish area until 
a new sales representative is appointed. 


Sir W. H. Bailey & Co. Ltd. have opened a London sales 
depot at 4 Domingo Street, Clerkenwell, E.C.1, for their range of 
Foster reducing valves and ancillary products. The London 
office has been transferred from Dartmouth Street, S.W.1, to the 
new address. Telephone number of the combined London office 
and depot is CLErkenwell 0791/2. 


Flexibox Ltd., Nash Road, Trafford Park, Manchester, an- 
nounce the formation of a French associate company, Flexibox 
s.a.r.l. Offices and works will be at 40 Avenue de Verdun, Croissy- 
sur-Seine. This follows the setting up of an associated company 
in Germany, Flexibox G.m.b.H., at Zeil 68, Frankfurt (M). Total 
floor area of the works at Trafford Park, Manchester, has been 
increased by 50% over that in use last year. Construction of a new 
modern office block is planned for the near future. 


The Goodyear Tyre and Rubber Company Ltd. announce 
the appointment of Southern Industrial Rubber Ltd., of 1 High 
Street, South Norwood, London, S.E.25, as distributors of 
Goodyear Industrial Rubber Products for the counties of Kent, 
Surrey, Sussex, Hants, Berks, S.E., S.W., and W. postal districts 
of London, and the southern parts of Middlesex and Bucks. 


Silentbloc Ltd. are moving from Ladbroke Road, London, 
W.11, to a new factory at Manor Royal, Crawley, Sussex, to which 
address all correspondence should be addressed as from the 20th 
December. 

The British Flame Radiation Research Committee has 
moved to 6 De Vere Gardens, London, W.8. Tel. : WEStern 0761. 


Roto-Finish Ltd., 39 Park Street, London W.1, is building a 
new factory at Hemel Hempstead in which the firm’s laboratory, 
administrative and production departments will be concentrated. 

NEW DIFFERENTIAL ANALYSER 


_ A new differential analyser—the largest in the world-—is now 
in operation at the National Physical Laboratory. It has taken over 
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five years to build and will be of invaluable assistance to physicists, 
mathematicians and engineers. 

In the past, when a mathematical analysis has given a differential 

equation, engineers have often had to resort to trial and error for a 
working solution to their problems; by making use of the new 
differential analyser, they can now obtain an exact evaluation. 
Results are given to an accuracy of three figures—quite sufficient 
for practical purposes. 
_ A great advantage of the new differential analyser over earlier 
instruments lies in the use of electrical servo-mechanisms to link 
the problem which can be expressed in this form, including many 
in diffusion and heat transfer, ballistics, electron optics, statistics, 
ultrasonics, aircraft design (which involves exceptionally compli- 
cated mathematics, especially in connection with supersonic flight), 
mechanical analysis, and a wide range of applications in electronics 
and atomic physics. 

A major problem was wiring the servo-mechanisms to the plug 
board. For this work the experience of The Plessey Company 
Limited in the development of pre-formed wiring systems in air- 
craft was called upon, and special cable forms and wiring accessories 
were made by them. There were no less than 35,000 separate 
connections, the circuits being coupled through 73 giant junction 
boxes and 18,000 feet of multicore cable, with over 1,700 Multi-way 
plugs and sockets. 

This electrical installation has proved entirely satisfactory in 
use and has helped to bring a rapid and comprehensive new service 
to the aid of British scientists and engineers. 


DIFFUSE REFLECTION GLASS 


In power stations and elsewhere, it is a common practice for 
many instruments to be mounted on a control panel and because 
of the glare from the lighting points, or wrong positioning of the 
‘instrument panel in relation to windows, clear glasses have a 
mirroring effect, often making it impossible to read the dials at 
certain angles. Changing of position in order to read the dials cor- 
rectly may not always be possible if the observer is some distance 
in front of the panel and has to control the machinery at the same 
time. This handicap from clear glass can often mean inefficient 
control of the plant. 

After a long series of experiments, Pilkington Brothers Limited 
have produced a glass with both surfaces lightly obscured which 
successfully mitigates the nuisance of reflection without actually 
reducing the amount of light reflected. It is available in substances 
2-6/3-2 mm. and upwards, and at present in sizes up to 18 x 12in., 
and can be obtained toughened if required. Bent glass to approved 
curves is available as well as flat glass. 
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lhe glass is particularly suitable for meter and gauge glasses 
where the observer is positioned at some distance from the instru- 
ment panels and is unable to move into a position to avoid reflectiuns. 
The glass only functions satisfactorily so long as the dial face of the 
instrument is reasonably close behind the glass. This diffuse re- 
flection glass has already been tried out successfully. 


BRITISH BOOKS IN PAKISTAN 


An exhibition of about 900 books and 300 periodicals on science, 
technology and medicine arranged by the British Council will tour 
Pakistan early in 1955. Subjects include pure science, agriculture, 
building, chemical technology and manufactures, engineering, 
metallurgy, shipping, and navigation. 

The exhibition will first tour West Pakistan, where it is hoped 
to show it in Hyderabad, Karachi, Lahore, Multan, Peshawar, and 
Rawalpindi, and afterwards East Pakistan, where it will probably 
be shown in Chittagong, Dacca, Mymensingh, Rangpur, and Sylhet. 

At the close of the tour most of the books will go to the Council 
library in Karachi and the remainder to libraries in Dacca and 
Lahore. 


MONEL DATA SHEET 


A new series of data sheets presents in concise form essential 
physical and mechanical data on wrought high-nickel alloys. The 
second in the series, dealing with Monel, a corrosion-resisting 
nickel-copper alloy of wide engineering application, has just been 
issued. 

Copies of this and of the first in the series, dealing with Nimonic 
90 for springs, are obtainable from the Publications Department, 
ead Wiggin & Co. Ltd., Thames House, Millbank, London, 
S.W 


RUBBER LINING OF WATER RESERVOIRS 


Two extensive tests carried out after six and nine months’ 
service on the huge rubber bag which holds 12 million gallons of 
water in one of the two Mill Hill reservoirs at Easington, near 
Sunderland, Durham, have proved that the experiment of using 
rubber lining in service reservoirs is a success. 

In a paper read to the Institution of Water Engineers in London, 
Mr. A. G. McLellan, chief engineer and general manager of the 
Sunderland and South Shields Water Company, which owns the 
reservoirs, told how the use of rubber lining was the outcome of a 
process of evolution over a number of years. 

The actual lining of the reservoir, done by Dunlop, lasted only 
20 weeks and was finished on Decembcr 31 last. Mining sub- 
sidences had caused heavy leakages and reduced the total capacity 
of the two reservoirs from 24 million gallons to three million gallons. 
In filling the cracks concrete groutings and bitumen sheeting had 
proved unsatisfactory and the method finally adopted was the 
fabrication of a large rubber bag pegged to the walls and freely 
resting on the floor. 

The total weight of the rubber lining is 100 tons, and the total 
cost £67,960, against an estimated cost of over £200,000 of building 
a new reservoir. A conservative estimate of the life of the rubber 
was 20 years, but he confidently believed it would have a very 
much longer life because the dark and damp conditions were ideal 
for preserving the rubber. The total area of the lining was 14,660 
square yards. 

In the early days, he said, they were anxious, in spite of an 
assurance to the contrary, that the rubber would have no taste. 
It was in fact of such composition that, after the most rigorous 
tests, it did not impart any objectionable taste to the water. 


75 YEARS OF THE ELECTRIC LAMP 


With the opening of their new Lamp and Lighting Showroom 
at Crown House, Aldwych, London, the BTH Company are 
celebrating two Jubilees. 

75 years ago, in 1879, two young scientists named Thomson and 
Houston, established a partnership which was to have a profound 
effect on electrical development throughout the world. 

It was about this time that the first practical electric filament 
lamps were being made. Already, in December 1878, Joseph Swan 
in England had successfully demonstrated an incandescent lamp ; 
he was followed in October 1879 by Thomas Edison working 
independently in America. 

During the past 75 years the electric lamp has become so much 
an accepted part of our everyday life that it took the wartime black- 
out to remind us how dependent we are upon it. 

The first exhibition in the new Mazda showroom is fittingly 
devoted to the development of electric lighting since 1879 against 
a background of lighting through the ages. 

A unique collection of electric lamps is on show covering the 
period 1880 to the present day. The earliest exhibit is a Phoenician 
oil lamp dated at about 1500 B.C. while the two latest are the new 
Mazda 1-kW horizontally operated mercury-vapour discharge lamp, 
which has many potential uses in industry, and the Mazda 10-kW 
projector lamp, the largest tungsten filament lamp made in Britain, 
which is used in studios where colour films are made. 

An entirely new form of trunking—Invertrunking—is also on 
show for the first time. This is installed as a permanent feature of 
the showroom, supported by rods 2 ft below the primary ceiling. 
It carries wiring and fittings and permits complete flexibility of 
lighting layout. New fittings can be quickly and easily installed in 
the showroom for display purposes. They may be shown against 
any of a variety of false ceilings which can be locked into position 
between flanges on the sides of the Invertrunking in the conventional 
manner, using wedges. 
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Other notable exhibits include a Mazda germicidal lamp (the 
glass was developed by the BTH Research Laboratory and their 
formula is now used in America), the well-known Mazda FA.5. 
xenon flash tube which is brighter than the sun and is now in 
regular production, models demonstrating the design of the new 
cathodes used in Mazda fluorescent lamps and an exhibit of special 
Mazda ultra-violet lighting for aircraft instrument panels. 

An exhibit with individually switched sections demonst:ates 
with simple examples the need for control which is necessary if 
light is to be used effectively. An individually switched colour 
comparison cabinet shows the difference between the colour ren- 
dering of light from a number of tungsten, mercury-vapour, and 
fluorescent lamps. A rotating sphere, lighted by yellow sodium 
light on one side and tungsten light filtered to the same colour on 
the other, dramatically illustrates the difference between colour 
appearance and colour rendering. 

The working principle of the fluorescent lamp is shown with the 
aid of diagrammatic models. The invisible ultra-violet radiation, 
produced by a collision between an electron “ boiled-off ” an elec- 
trode and one of the electrons of a mercury vapour atom, is converted 
to visible light by the fluorescent coating on the inside of the lamp 
tube. 

Sections are devoted to domestic, industrial and street lighting, 
to special lamps and to lamps and flash bulbs used in photography. 
Visitors can try their hand at flash photography with a camera 
provided. 


CONFERENCE ON PROBLEMS OF AIRCRAFT 
PRODUCTION 


Following the success of the two previous Conferences, the 
Southern Section of the Institution of Production Engineers is 
organising a Third Annual Conference on “ Problems of Aircraft 
Production.” It is to be held in the University of Southampton 
(by kind permission of the Vice-Chancellor) on 14th and 15th 
January, 1955. 

The object of the Conference is to bring together senior 
executives responsible for the design and production of aircraft, 
for the purpose of discussing and arriving at a mutual understanding 
of each other’s problems. 

The theme of this Third Conference is: ‘‘ Integral Construction 
contrasted with Traditional Methods.” 

Full details of the programme and forms of application for 
tickets may be obtained from the Secretary of the Institution of 
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Production Engineers, 10 Chesterfield Street, London, W.1. The 
Conference fee, which includes the official luncheon on Friday, 
14th January, and other refreshments, is 30/- for members of the 
Institution and affiliated representatives, and 35/- for non-members. 


THE PROTECTION OF STRUCTURAL STEEL 


A symposium on ‘“ The Protection of Structural Steel,” 
organised by the Corrosion Group of the Society of Chemical 
Industry, will be held in the lecture-theatre of the Institution of 
Civil Engineers during the days of Thursday, 3lst March and 
Friday, 1st April, 1955. The papers to be presented will include 
accounts of practical experience and of research with protective 
coatings gathered from several countries. 

Some details of the proposed papers are shown in the list which 
follows, covering contributions from France, Belgium, Holland, 
Sweden, and the U.S.A., as well as Great Britain. 


PRACTICAL EXPERIENCE 

W. E. Ballard (Metallisation Ltd.) and F. A. Rivett (Schori 
Metallising Co.)—Practical Experience of Protection by Sprayed 
Metal Coatings. 
J. Bigos (Steel Structures Painting Council, U.S.A.)—Current 
Good Painting Practice for Steel Structures in U.S. 
F. Fancutt (British Railways)—Painting and Protection of 
Steel Structures (Great Britain). 

R. Himsworth (Imperial Chemical Industries Ltd., Billing- 
ham Division)—Protection Problems in Chemical Plant. 

A. Ravald (North Thames Gas Board)—The Preservation 
M Steel on Gas Works (in Great Britain). 
W. A. Johnson (United Steel Co. Ltd.)—Some Factors in the 
Protection of Steel in and at the Steelworks. 


COMPARATIVE TESTS 
C. Dechaux (Societe des Peintures, Paris)—Principles of Pro- 
tective Painting. 
K. F. Tragardh and P. Nylen (Swedish Corrosion Commission) 
—Exposure Tests of Paints and Zinc Coatings in Sweden. 
J. C. Hudson and J. F. Stanners (British Iron and Steel Research 
ee Formulation of Priming Paints for Structural 

teel. 

H. W. Talen (Verf-Institut, Delft, Holland)—Physical Examina- 
tion of Paints in Relation to their Practical Performance. 
M. Van Rysselberge and D. Bermane (A.B.E.M.)—Results of 
the Researches carried out by the Belgian Corrosion Commission. 





Carbon tube furnace in the high-temperature chemistry 
research section. 


The role of this department has been clearly defined, and 
embraces the ascertaining of facts; the filling in of background ; 
the centralisation of specialised equipment and specialists in its 
use ; the co-ordination and cross-fertilisation of technical thought 
and experience ; and the creation of new ideas and their develop- 
ment to the pilot-plant stage. 

The new department is fully equipped to tackle a comprehensive 
range of investigations, and for the purpose has, in addition to 
experimental kilns and laboratories for analytical chemistry and 
physical analysis, sections devoted to chemistry, high-temperature 
chemistry, physics, mathematics, bench pilot-plants, methods 
engineering, instruments, and information. 


EDWIN DANKS & CO. (OLDBURY) LTD. 
So encouraging have been the results achieved with the Oldbury 
Chain-Grate Stoker, which was the first successful one tu be 
adapted to the confined space of a Lancashire flue, and which was 


Of these authors, all except Dr. Bigos are expected to be present, 

; and an additional distinguished visitor from overseas will be Mr. 

{ F. L. LaQue. 

j Further details of the arrangements for the meeting will be 
— | published later, but non-members of the Corrosion Group who 

; wish to receive a copy of full notice of meeting and registration 

: form, when it becomes available, are invited to apply to the Hon.- 
Secretary of the Group, Mr. S. C. Britton, The Tin Research 
Institute, Fraser Road, Perivale, Greenford, Middx. 


first marketed some twelve years ago, that Edwin Danks & Co. 
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THE COMBUSTION ENGINEERING ASSOCIATION 


Under the auspices of the Combustion Engineering Association, 
a conference on the Industrial Effects of Air Pollution was held 
in Harrogate on December 8 and 9, 1954. 

After the preliminary session, during which the conference was 
opened by the Mayor of Harrogate, the following session, under 
the chairmanship of the President of the Association, B. E. A. 
' Vigers, M.A.(Cantab.), A.M.I.C.E., M.I.Chem.E., (Laporte Chemi- 
) cals Limited), featured the opening address by Sir Hugh Beaver, 

Chairman of the Air Pollution Committee, followed by a general 
discussion opened by K. T. Spencer, C.B.E., M.C., B.Sc. (Eng.), 
| F.R.A.E.S., A.M.I.C.E., Chief Scientist to the Ministry of Fuel 





and Power. 

The third session, under the chairmanship of the Chairman of 
the General Council, R. Chapman, B.Sc., A.M.I.Mech.E., 
(Babcock and Wilcox Limited), was devoted to Part I of the Prob- 
lems of Industry, in which papers on air pollution in relation to the 
manufacture of iron and steel, and to the operation of foundries 
were presented by Neil H. Turner, F.Inst.F. (United Steel Com- 
panies Limited) and J. G. Watkins, Whit.Sch., M.A. (Cantab.), 

.M.I.Mech.E., (Firth Vickers Stainless SteelsLimited), respectively. 

The following session—Chairman, H. C. Hawkins, A.M.I.Mech.E. 
A.M.I.E.E., M.Inst.F. (B.X. Plastics Limited)—dealt with Part II 
of the Problems of Industry, in which papers on air pollutiou in 
relation to the manufacture of bricks and pottery, and to the manu- 
facture of cement were presented by A. T. Greer, O.B.E., F.R.I.C., 
F.Inst.P., M.I.Chem.E., (British Ceramics Research Association) 
and G. T. Rheam, O.B.E., T.D., B.Sc., M.I.Mech.E., A.M.I.E.E., 
(Associated Portland Cement Manufacturers Ltd.), respectively. 

e first and final session—Chairman, L. N. Horne, M.Inst.F., 
(Charrington, Gardner Locket and Company Limited)—was de- 
voted to the Problem of Small Industry using Steam, in which the 
Speaker was Eric Bentley (Albert E. Reed & Company Ltd.). 


Sree 


Photo by kind per- 
mission of Messrs. 
J. Townroe & Sons 
Ltd., Sheffield 
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Specially formulated for the Finishing Trades, BENETSOL 
“E” removes all traces of grease and — compounds 
and leaves metal surfaces ‘‘ chemically ’”’ clean. 


Whatever your process BENETSOL “E”’ will raise efficiency 
and lower costs. BENETSOL “E”’ actually costs less than 
RESEARCH DEPARTMENT OF MORGAN l4d. per gallon for standard mixing. 

CRUCIBLE CO. 


Although elements of a central research department of the 
Morgan Crucible Co. existed for many years, in the shape of de- 
partmental research, central analytical laboratories, and personal 
co-ordination of technical effort at higher staff levels, it was decided 
after the war to rationalise and strengthen these activities; ac- 
cordingly, a Central Research Department was set up at Battersea, 
which was itself responsible, through a General Manager, to a 
Director. 


Does not contain caustic or give off toxic fumes. 
Write to Manufacturers for further details and sample. 


Manufactured by BENNETT (HYDE) LTD., 
BOSTON MILLS, HYDE, CHESHIRE. 
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THESE SEALS are used for sealing vegetable and S 
other oils against extreme conditions of tempera- ales 
ture and speed. The sealing material is Silasto- ap 
mer. This silicone rubber contains no substance 
that can contaminate the oils, and is not affected div 
by them at the working temperatures. poo 
Silastomer will withstand both high and low pe 
temperatures far beyond those practicable with to | 
any other rubber-like material. It is inert to bes 
many chemicals, water resistant and has good | pe 
electrical properties. pa! 
HIGH TEMPERATURES is 
Continuous exposure to 300°—350°F. Intermittent | or 
exposure to 500°F. 
LOW TEMPERATURES w 
Certain grades remain elastic at —130°F. a 
CHEMICAL INERTNESS s 
Silastomer shows good resistance to animal, vegetable pi 
and heavy lubricating oils, and to many common fr 
chemicals. Does not support the growth of fungi and ir 
can be sterilised repeatedly. Contains nothing to con- P 
taminate or affect the taste of foodstuffs. C 
Leading British rubber companies are supplying a : 
wide range of articles made from Silastomer, but in N 
case of difficulty write to Midland Silicones Ltd. for a 
copy of Silicone Notes K11, ““Where to buy Products : 
made from Silastomer.” i 





The Publication, Silicone Notes K1 “Properties of 
Silastomer,” is also available on request. 


By courtesy of Chas. Weston & Co. Ltd., and Dunlop Rubber Co. Ltd. * Registered Trade Mark of Midland Silicones Ltd. 
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(Oldbury) Ltd. have found it necessary to set up a separate works 
solely for stoker manufacture. 

\n cpportunity was recently afforded the Technical Press to 
visit these works and to inspect the production facilities available. 
In addition, visits were made to boiler houses in the district, so as 
to provide practical demonstrations of the ability of this type of 
stoker to produce smokeless combustion even with inferior fuels. 


“SAROPANE” AND “SAROLITE” TRANSLUCENT 
SHEETS 


Ata recent Press gathering in London, the opportunity was given 
of inspecting samples of ‘‘ Saropane’”’ and “ Sarolite ” corrugated 
translucent plastic roofing sheets, photographs of installations em- 
bodying these materials, and of witnessing a short film showing 
the fabrication of these and other products manufactured by Saro 
Laminated Wood Products Ltd. at their Whippingham works, 
Isle of Wight. 

‘“Saropane”’ and ‘ Sarolite”’ corrugated sheets are made 
from thermosetting resins reinforced with glass fibre. ‘‘ Saropane,” 
which incorporates a glass mat, is a normal translucent sheet for 
strength, light diffusion, and economy, while ‘ Sarolite,’’ which 
incorporates a woven glass-fibre cloth, gives exceptional light 
diffusion and strength. Weight for weight, both materials are 
stronger than steel. 

These products are made to match a large number of corrugated 
and trough-section roofing sheets, and no special methods are necded 
for installation. In this connection, they have many advantages over 
glass; they can be worked with ordinary tools, drilled, or even 
nailed, without risk of splitting. Furthermore, they are available 
in a range of colours for tropical or decorative purposes. 


“ MIDGE” BREAKS SOUND BARRIER 


The Folland Midge, prototype of the Gnar light fighter, has 
dived twice in a day through the sound barrier. The Midge’s 
achievement is all the more remarkable in that the aircraft has an 
engine giving only 1,640 lb of thrust. The Gnat itself will be 
powered by the Bristol Orpheus, which gives three times the power 
of the Midge’s Armstrong Siddeley Viper. The Gnar is expected 
to be as fast an aircraft with twice its power. 

The chief test pilot of Follands, Squadron Leader EF. A. Tennant, 
began his supersonic dives at 37,000 feet, passing through the sound 
barrier at about 24,000 feet. The aircraft exceeded Mach 1, the 
speed of sound, for about five or six seconds before the pilot began 
to reduce speed again. He experienced only a slight change of 
trim, which is normal in supersonic flight. 

In level flight the Midge can exceed 600 mph and it weighs 
only two tons. It is much lighter than most contemporary fighter 
aircraft. The Gnat will be able to serve in either fighter-bomber 
or interceptor rdles. 


NEW CARBORUNDUM COMPANY FILM 


The Film Production Unit of The Carborundum Company, 
which is in the able charge of Mr. Frank Harris, has produced in 
the past years a number of educational, instructional, and publicity 
film3. Many of these films are distinguished by excellent photo- 
graphy, good sound reproduction, and the human interest which is 
so difficult to introduce in industrial films of this nature. 

“ Here’s How ”’ is the title of the latest 40-minutes colour film 
produced by the Carborundum Film Unit and shown to the Press 
recently. The actual information has been given in this film in the 
framework of a comedy which is entertaining and, at the same time, 
includes a great deal of useful instructions on how Carborundum 
products can be used to best advantage. 

The public-house scenes were shot in The Carborundum 
Company’s own studio, whilst the farming scenes were made in 
the lovely Lleyn peninsula in North Wales and on a farm near St. 
Helens, in Lancashire. The artists, led by Anthony Hulme, are all 
Manchester players. 

** Here’s How,” like all films in the Carborundum Film Library, 
is available without charge to any responsible organisation equipped 
with projection apparatus or, where this is not available, The 
Carborundum Company will always consider the possibility of 
arranging a show by one of its mobile projection units. 


TURBO-ALTERNATOR PLANT FOR PAPER MILLS 


The General Electric Co. Ltd. has received a contract from 
Empire Paper Mills Ltd. (an organisation within the Reed Paper 
Group) for a 4,500-kW double pass-out geared turbo-alternator 
complete with condenser and feed heater, which will form part of 
a scheme for modernising the power supplies of the Greenhithe 
paper mill. 

At the moment the mill operates on a 40-cycle supply. It is 
proposed to change this to 50 cycles and the new set will generate 
three-phase current at 50 cycles, 3,000 volts. The turbine will be 
— with steam at 600 psi and 800° F from a new oil-fired 
boiler. 

Initially there may be up to 40,000 lb per hour of steam at 
160 psi passed out from the new set to existing machines, 
which include a 2,500-kW G.E.C. pass-out turbo-alternator genera- 
ting at 40 cycles and passing steam for process at 20 psi. 
During the period of frequency changeover, both pressure-controlled 
pass-out branches on the new set will be in operation at 160 psi 
and 20 psi. 

Ultimately, when all the load is converted to 50-cycle operation, 
the only demand on the new set for process steam will be for 
some 35,000 Ib per hr at 20 psi for the paper machines. 
Provision will be made on the turbine shaft so that after the fre- 
quency conversion, the H.P. casing and necessary wheels may be 
altered so that the final machine will be of the single pass-out type 
to ensure maximum efficiency for the ultimate steam conditions. 

The condenser, single stage feed heater and the 300,000 lb per 
hr deaerator are being supplied by Hick, Hargreaves & Co. Ltd. 

The arrangement of plant has had special consideration to ensure 
continuity of steam and electric supply to the mill under the 
difficult conditions arising from the change of frequency. 


TURBO-BLOWER FOR IRON WORKS 


The General Electric Co. Ltd. announces that its Fraser and 
Chalmers Engineering Works, Erith, Kent, has been awarded a 
contract for a turbo blower to be installed at the Clyde Iron Works, 
Tolcross, Glasgow, of Colvilles Limited. 

The output of the machine is to be 75,000 cu ft of dry air per 
min at 60° F, at a delivery pressure of 35 psi. The turbine 
—a multi-stage, single casing, high-pressure machine — will 
be supplied with steam at 270 psi gauge at a total tempera- 
ture of 750° F and drive the four-stage centrifugal blower at 2750 
rpm. The control of the machine will be by a constant-volume 
anti-surge regulator of the Ascania type. The contract includes 
surface condensing plant and auxiliaries. 


BLAST FURNACES FOR INDIA 


A contract for two large Blast Furnaces, amounting in value 
to nearly £3 millions has been placed by the Indian Iron and 
Steel Company Ltd. with Ashmore, Benson, Pease & Company 
of Stockton-on-Tees. The furnaces, to be built at Burnpur, India, 
will have hearths of 25 ft diameter and each will be capable of an 
output of 1200 tons of iron per day. The first furnace will go into 
production in 1958 and the second a year later. It is very satisfactory 
to note that this contract has been awarded to a British firm in the 
face of keen competition from both the Continent and the U.S.A. 
The Consulting Engineers, who planned and who will supervise 
this major extension to the Burnpur Works, are the International 
Construction Company of London. 

Ashmore, Benson, Pease & Company are a member-firm of the 
Power-Gas group and blast furnace engineering is one of their main 
interests. The twenty-three furnaces they have built since World 
War II, including those now under construction, are capable of 
producing over 16,000 tons of iron per day, a tonnage which is 
equivalent to half the total iron now produced in Gt. Britain. 


THE SWISS INDUSTRIES FAIR IN BASEL 

Switzerland’s industrial fair, which inaugurated in 1954 a 
large new exhibition hall and now has some 1,300,000 sq ft of 
exhibition space at its disposal, will be held for the 39th time 
from 16th to 26th April, 1955. There will be about 2,300 exhibitors 
in 17 groups, including machine tools, machinery, and electrical 
machinery and apparatus. 
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pe of Industrial lubrication equipment readily 
available from stock including drain plugs, filler caps, 
solder and solderless fittings, brass turned parts and a wide 
variety of nipples and guns. 


Main distributors for the Hart system of centralised lubrication. 
Full particulars sent on request. 
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Wadkin 


have unrivalled experience in the production of 


non-ferrous metal 
cutting machines 


The Wadkin range of metal 
machines already available 
includes : 


Spar Milling Machines 

Heavy Radial Drilling Machines 
Heavy Radial Routers 

Heavy Fixed Head Routers 
Band Sawing Machines 


Spindle Shapers 


Bench Drilling Machines 
Light Radial Drilling Machines 
Light Radial Routers 

Light Fixed Head Routers 
Light Radial Tappers 


Cut-Off Saws 





Wadkin Ltd. 


Wadkin Ltd., Green Lane Works, Leicester. 
Telephone : Leicester 67114. 


London Office: 62-64 Brook Street, W.1. 
Telephone : MA Yfair 7048-9. 
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THE END OF THE BEGINNING 


The main point about Capital Airlines’ decision to take up 
‘ir option for 20 more Viscounts is that one of the major American 
stic airlines is leaving pistons and going over to gas turbines 
latest and most convincing proof that the great conversion 
to the new form of power for airlines really is under way. 

Only half a decade ago the very idea that this revolutionary 
change was about to come was unknown to the public, challenged 
by many, believed in only by those few—almost all of them in this 
country—who saw forward through the years of test and trial and 
backed their faith. Within that short period of time, broken as it 
was by threat of war and the burden of rearmament which for a 
couple of years threw our whole civil programme into jeopardy, the 
revolution has been accepted, not only in this country but also in 
America. Competitors in America have followed de Havillands 
into the pure jet field, Vickers and Bristol into the turboprop field, 
with aircraft now being developed by the U.S. Air Force and the 
U.S. Navy. 

W ithin ‘that five years since the public first glimpsed the world’s 
first gas-turbine prototypes, an order-book of £105 million has been 
built up for these new airliners, from 24 airlines throughout the 
world—all of it in the British aircraft industry, for in no other 
have any firm commercial orders yet been announced. 

It can for the first time be said with complete confidence chat 
the conversion of the world’s mainline aircraft from piston to gas 
turbine—pure jet or turboprop—is only a matter of time. 

In this year also the pioneers in this country who have pushed 
the world over the threshold of the gas turbine revolution have had 
their greatest setback, the Comet accidents. Yet, in its flights as an 
airliner, the Comet I was a resounding success. That success will 
be improved on, for nothing is more certain than that long-range, 
high-flying, pure jet airliners will soon be giving Comet speed and 
Comet comfort to mainline passengers. The prize is now all the 
more certainly within reach, for, as Sir Hartley Shawcross said at 
the close of the Comet Inquiry, the Comet “ will go up to the skies 
with a quite unique background of investigation and research.” 
The Vickers }’-1000 military jet transport is now in production for 
the Royal Air Force, with Rolls-Royce by-pass engines, available 
for conversion to long-range airline use. And even if British reso- 
lution were to fail at the last fence, our American competitors are 
in the field, ready to build on the foundation of knowledge and 
experience which de Havillands, Rolls-Royce, and B.O.A.C. have 
pioneered. 

The long-range turboprop airliner is also bound to come, helped 
in its turn from the foundation of knowledge and experience which 
Vickers-Armstrongs, Rolls-Royce, and B.E.A. have pioneered. 
Bristol and B.O.A.C. are together developing the Bristol Britannia, 
capable of non-stop trans-atlantic operation with the Bristol 
Proteus engine ; an engine fully type-tested and officially cleared 
for the carriage of fare-paying passengers, a distinction which the 
makers have stated is not enjoyed by any other turboprop engine 
in this power category. A more advanced model of the Britannia, 






BRITISH STANDARDS 


(Copies of British Standards may be obtained from the British 
Standards Institution, 2 Park Street, London, W.1) 


Steel nipple fittings for brazing. B.S. 2051: Part 4: 1954 
provides for the complete dimensional standardization of steel 
nipple fittings for brazing, of sizes ranging from 4 in. to 1} in. 
inclusive, intended for use with fractional outside diameter sizes 
of tubes. 

Unified threads and unified hexagons have been specified for 
these fittings. 

The standard lays down requirements in respect of materials, 
dimensions, workmanship, hydraulic test, test for porosity and 
identification marking, and also gives maximum design pressures 
for these fittings. 

Illustrations of the fittings and tables of dimensions are also 
included. Price 4/-. 

Glossary of terms and notation for toothed gearing. 
B.S. 2519 : 1954 gives definitions for terms commonly used in 
all applications of toothed gearing. It also gives a standard notation 
which includes the symbols required for use in the theory and 





HIGH-SPEED PRECISION 


DRILLING MACHINES 


& & * 
— bench-type 
— pillar-type 
— cylindrical column-type 


— single-spindle or 


multiple-spindle gang-types 


CLUSTER - TYPE MULTIPLE - 
SPINDLE DRILLING MACHINES 


also being developed, will be powered by the Bristol BE-25 
constant-power turboprop. _ The special quality of this engine is 
that it preserves its take-off power of 4,000 h.p. undiminished at 
heights of round 20,000 ft. and thus opens up new realms of aircraft 
operation hitherto unobtainable. The aircraft will have full take-off 
power available at any aerodrome in the world, irrespective of 
climate or airfield elevation. The engine is designed to be speci- 
fically more economic than even the best piston engine, and to have 
a fuel consumption comparable with a diesel. 

In its broad sweep, the plan to which this country set itself 
after the war is succeeding, despite all setbacks, more surely than 
most people would have dared to hope only a few years ago. The 
continued growth of the world’s air traffic—far beyond the most 
sanguine expectations of less than a decade ago—make the prizes 
to be won far bigger now than ever. The growing importance of 
strategic air mobility and the need for reserve of productive 
capacity, self-supporting through commerce, make it all the more 
necessary that Great Britain should profit to the full in the con- 
struction and sale of the new types of aircraft which she has pioneered. 

If ever it could be said that we have reached the end of the 
beginning of a major national venture, opening up a field of progress to Tel 


which there is no obvious limit, it can be said now, at the end of 1954. 
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The man who 
couldn’t 
wobble a jelly 


...1s the man in control of a 

Clayton Hoist fitted with microspeed 
—the famous combination 

that gives rock steady, dead 

slow speeds on alternating current. 
Five-ton moulds and cores can 

be manceuvered into position with 
ease and safety, by (if necessary) 
unskilled workmen. In machine 
assembly, heavy parts can be 
placed with absolute precision. 
This, in fact, is the only go-slow 











movement in industry that 
speeds production. 











Big firms that have streamlined 
their factories with Clayton Hoists 
include Rolls-Royce, English 
Electric, Ford Motor Co., Leyland 
Motors, Lever Bros., Shell Oil— 
but naturally the only firm you really 
care about is your own and we suggest 
that you’ll be micro-creeping slow 

if you don’t send for our latest 
catalogues now ! 








electric hoists 
with micro-speed units 


put things precisely in their places 





THE CLAYTON CRANE & HOIST CO. LTD. (Dept. 15), 15 IRWELL CHAMBERS EAST, UNION STREET, LIVERPOOL, 3 
TELEPHONE: CENTRAL 1141 (4 LINES). TELEGRAMS : CLAYMAG LIVERPOOL 
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pra tice of gear engineering. he terms and definitions are grouped 
in cight sections and there is a complete index. 

No attempt has been made to produce a textbook, but the 
Committee responsible have endeavoured to include all the terms 
required in practical use. One section gives definitions for all the 
common types of errors in gear cutting. The section giving geo- 

metrical definitions has been made as short and as concise as 
aossitile, but the basic definitions, on which the theory depends, 
together with the 20 pages of illustrations will be of considerable 
interest and value to students. Price 6/- 


Steel compression pipe fittings for engineering pur- 
poses. B.S. 2015: Part 3: 1954 covers steel compression fittings 
for use with pipes made of steel and other suitable materials for a 
wide range of engineering purposes. 

It applies to two ranges of fittings, namely, (i) for use with 
pipes having fractional outside diameters, } in. to 1} in. inclusive ; 
(ii) for use with pipes designated by their nominal bores, } in. to 
1 in. inclusive. 

This standard does not attempt the complete dimensional 
standardization of these fittings since the variety in the designs 
and methods of production already established by the various 
manufacturers make any such attempt impracticable. It does, 
however, lay down such dimensions and requirements as are 
essential to ensure satisfactory installation and performance and 
includes a number of general requirements relating to materials, 
design, construction and workmanship; it specifies a hydraulic 
test and a test for porosity and also gives temperature and pressure 
ratings for these fittings. Price 3/6. 


Rotary form relieved gear cutters. B.S. 2518: 1954 is 
intended to replace the original brief section in B.S. 132: 1938 
“Milling cutters and reamers” which dealt with rotary form re- 
lieved gear cutters. It recommends the use of the 20° pressure 
angle for gear milling cutters, and a modified basic rack gear tooth 
profile designed to avoid undercutting in gears with a small number 
of teeth whilst allowing sufficient tips relief for teeth cut. An 
— diagram accompanied by a table of dimensions for 

D.P. cutters enables the cutter tooth profiles to be set out for the 
full range of cutters for gears from a 12 tooth pinion to a rack. 

Tables giving details of cutter sizes for a range of diametral 
pitches of 1 to 30 are included. 

In recognition of the fact that 14} pressure angle cutters are 
still in fairly general demand for replacement and other purposes, 
an Appendix has been added with a set of odontograph diagrams 
and tables to enable the full range of such cutters to be set out. 

The standard draws attention to the fact that gears cut with 
form relieved cutters are satisfactory only if they are meshed to- 





WILKINSONS 


pincER® 









SUPER 





with 
. catalos¥® 





curren 






WILKINSONS TOOLS LTD 


KERFOOT STREET 
WARRINGTON ENGLAND 


SR casi 3 


CW/ 2443/ 150 





DECEMBER, 1954 Volume 15, No. 12 


gether under conditions of service which are not severe. It is pointed 
out that such gears should not be made to mesh with general gears 
unless a suitable reduction in the chordal tooth thickness of the 
gears is made. A special Appendix is included giving a correction 
table for this purpose. 

Other appendixes deal with arbor and keyway sizes, the marking 
of cutters, ordering instructions and metric sizes. Price 7 6. 





Classified Advertisements. 


The rate for ail classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box-number advertisements 
ls. extra. Instructions, together with remittance, must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 


APPOINTMENTS VACANT 


THE VICKERS-ARMSTRONGS Research and Development 
Establishment have immediate vacancies as follows :— 

Junior Technicians who have completed their National Service, 
hold an Honours Degree in Mechanical Engineering and desire to 
make their future in the development of prototype machinery. 
Test Engineers who have completed their National Service, hold a 
Pass Degree or Honours in Mechanical Engineering together with a 
knowledge of Electronics. 

Applications stating qualifications, experience and salary required 
should be addressed to the Labour Manager, Vickers-Armstrongs 
Limited, Barrow-in-Furness, Lancs. 


ARMSTRONG SIDDELEY, Coventry, have vacancies on in- 
teresting important work in Stress Department on Strength In- 
vestigations and Calculations—Gas Turbines. Higher National, 
Engineering or Mathematics Degree minimum qualification, ex- 
perience unnecessary. Same department invites similarly qualified 
applicants for work on engine installation in prototype/experimental 
aircraft. Reply Reference CG/DRE.1, Technical Personnel Officer, 
Armstrong Siddeley Motors, Coventry. 


TECHNICIANS.—Several vacancies are available for technicians 
and men having design experience and holding 1st Class Honours 
Degree in Mechanical Engineering and having practical experience 
preferably in Marine Engineering or alternatively experience on the 
mechanical side for the generation of power for land purposes. 
They are required for work on the production of power from atomic 
energy, and will be employed initially at Harwell. Age 27-35. 
Good salaries will be paid to men holding the necessary qualifications, 
DRAUGHTSMEN.-—Several vacancies are available for draughts- 
men holding Higher National Certificates, for work on the production 
of power from atomic energy. Work would be initially at Harwell. 
Age 30 or over. Good salaries will be paid to men having the 
necessary experience. 
SENIOR PROJECT ENGINEER.—A vacancy is available for a 
Senior Project Engineer to head a group for the production of power 
from atomic energy. Applicants should have a background of 
experience, preferably in Marine Engineering, or alternatively ex- 
perience on the mechanical side of the generation of power for land 
purposes. In addition, applicants should have scientific qualifications 
in the form of Ist Class Honours Degree in Marine or Mechanical 
Engineering and should for preference be in the range 35-40. Good 
salary will be paid to a man meeting the stated requirements. 
Employment will be at Harwell initially. 

Apply to Box. No. 17, “‘ The Engineers’ Digest,” 120 Wigmore 
Street, London, W.1. 


PHYSICISTS.—A vacancy is available for a Physicist holding a 
Ph.D. Degree, and having practical experience, for work on the 
production of power from atomic energy, and to be employed 
initially at Harwell, age 30-35. 
A vacancy is also available for an Assistant to the above, age 26-30. 
Good salaries will be paid to men holding the necessary quali- 
fications. Write Box No. 18 


ENGINEER OR METALLURGIST, preferably under 30, with 
ability and inclination to write, required by aluminium fabricating 
company to assist in the production of technical books and other 
publicity work. Salary according to age and experience. Box. No. 19. 


WISEMAN 


the name for totally 
enclosed gear units 


ALFRED WISEMAN & CO., LTD., 
Glover Street, Birmingham, 9 


Carlisle House, 8 Southampton Row, W.C.1 
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LATEST INDUSTRIAL LITERATURE 











Engineering Analysis. By D. W. Ver Planck and B. R. 
Teare, Jr. 356 pp., 159 illustrations. Publishers: John Wiley & 
Sons, Inc., New York, and Chapman & Hall Limited, 37 Essex Street, 
London, W. C.2. Price: 48/-. 


This book is the result of more than twenty years experience in 
devising and teaching courses in engineering analysis. The authors 
show what must be done to translate engineering situations into 
mathematical language, and what is necessary after a mathematical 
result has been obtained. More specifically, the book deals with 
such matters as defining the problem to be solved, deciding what 
principle to apply, choosing co-ordinate systems, checking thorough- 
ly, choosing dimensionless variables, and the sketching of curves. 
These important elements of the professional method are presented 
clearly and simply, in an effort to develop in the reader the broad 
patterns of thinking that are so important in the day-to-day practice 
of his profession. 

The book treats a number of subjects needed by engineers from 
the point of view of use and true understanding. The topics include 
material from dynamics of translation and rotation, electric circuits, 
heat transfer, solution of linear differential equations with constant 
coefficients, uses of power series, integration by graphical and nu- 
merical methods, hyperbolic functions, and the evaluation of 
indeterminate forms. 

The book features an extensive collection of problems, with no 
clue given as to the methods for solution. As nearly as practicable, 
the problems are representative of engineering and give the reader 
opportunity to experience himself what the book aims to teach. 


The Inventor of the Valve. By J. T. MacGregor-Morris, 
D.Sc.(Eng.), M.I.E.E. 141 pp., 22 illustrations. Publishers : 
The Television Society, 164 Shaftesbury Avenue, London, W.C.2. 
Price: 10/-. 

Coinciding with the Golden Jubilee of the invention of the 
thermionic valve, this book, limited to an edition of 1000 copies, 
is a short biography of Sir Ambrose Fleming, whose original patent 
is the basis of the science of electronics and radio-communication, 
though, as Professor E. W. Marchant points out in his foreword, 
the immense practical importance of this invention was not appre- 
ciated at the time. 

The author is well qualified to tell the story of Fleming’s life, 
inasmuch as he was a student under him at University College and 
later spent some years as his assistant, helping him with his lecture 
experiments. 

This delightful little book, enlivened by an appendix of personal 
recollections by Mr. Arthur Blok, O.B.E., and by numerous re- 
productions of original notes and letters, many of which are pub- 
lished for the first time, will be of great interest to electrical engineers 
and, indeed, to all those who wish to understand the development 
of radio and television. 


Grundziige der Zerspanungslehre. 2nd Edition, 1954. 
By Dr.-Ing.habil. Max Kronenberg. 456 pp., 293 illustrations. 
Publishers : Springer-Verlag, Reichpietschufer 20, Berlin W 35, 
Germany. Price: DM 48. 

This new edition of Dr. Kronenberg’s well known book on 
metal cutting has been entirely revised and is written for practical 
production engineers and research scientists who are concerned 
with the shop use of machine tools or with their development and 
design. In this connection, the book is now divided into two major 
sections, one covering basic and the other applied metal-cutting 
science. 

Based on over thirty years of research and machine-shop 
practice by the author in America and Europe, the book, by sys- 
tematic analysis of data from various sources and by integration of 
theoretical calculations, derives laws for cutting speed, cutting 
force tool life, size effect, etc. Principles and recommendations for 
the most economical use of machine tools have in turn been derived 
therefrom, and tables have been prepared for easy reference. In 
addition to his own investigations, the author includes data developed 
by him from analyses of results obtained in numerous countries. 


FBI Register of British Manufacturers, 1955. 27th Edition, 
1954. 1116 pp. Published for the Federation of British Industries 
by Kelly’s Directories Limited, and Iliffe and Sons Limited, 
Dorset House, Stamford Street, London, S.E.1. Price: 42/-. 

As pointed out by Sir Harry Pilkington in his foreword, the 
Federation of British Industries has always considered that one of 
its many functions is to show the buyer where to go to make his 
choice, on the basis of price, quality, delivery, and service. The 
FBI Register has played an important part in discharging this 
function since 1920, and this new edition, with its improved facilities 
for the overseas user, will do so better than ever before. 

In this connection, an important new feature is the inclusion 
of French, German, and Spanish glossaries, each of which gives a 
translation of every heading used in the buyers’ guide, the headings 
being numbered for easy reference between the translations and 
the main section. Altogether, there are eight sections in the Register, 
each with a reinforced index card for ease of reference. These 
include a buyers’ guide, which classifies over 6800 FBI member 
firms under over 5000 trade headings, and a comprehensive alpha- 
betical directory of all these firms. Other sections contain useful 
data on trade associations, proprietary names, trade marks, etc. 

As the only authorised directory of the FBI, compiled by the 
publishers in close collaboration with the Federation, this book 
will be invaluable to importers, buyers, Trade Commissioners, 
Chambers of Commerce, reference libraries, etc. throughout the 
worl 
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4. Ultrasonic Boiler Descaling Equipment. Details are 
contained in a series of pamphlets of an ultrasonic generator for the 
prevention of thick layers of scale in boilers or other similar applica- 
tions. The oscillators of the unit are fitted to the boiler shell or feed- 
water pipe in such a way as to permit the ultrasonic vibrations free 
access, via the water, to those parts of the boilers where scale forms, 
with the result that scale is prevented from building up. 

The apparatus, which is extremely robust and reliable, is operated 
from the mains supply and is of compact design. The generator is 
housed in a dust-proof metal case, measuring only 13 x 10 x 6in,, 
which can be mounted on a wall or other convenient location, 
_ consumption is only 20 watts, and maintenance is virtually 
nil. 


2. Space-Saving Rolling Bench. The problem of providing 
additional bench space economically and efficiently is solved by a 
simple device, described and illustrated in a 2-page pamphlet. 
This device, which adds 5 sq ft to an existing bench, when and 
where extra working space is required, can be moved easily and 
quickly to any position along benches of all heights and, by the 
simple movement of a lever, can be securely locked to provide a 
firm and level platform capable of carrying heavy loads. 

In operation, it slots into a metal rail along the permanent bench 
and is supported at the front end by legs fitted with large solid rubber 
castors. Drawers or cupboards are not interfered with in any way. 
The top is made of teak and the legs of tubular steel, the latter being 
adjustable in height for any bench from 28 to 38 in. high. 


3. Bronze Filters. Details are contained in an attractively produced 
and illustrated 8-page brochure of a comprehensive range of bronze 
filters, to suit varying conditions, and designed for use in such 
applications as filter elements, flow-control devices, froth producers, 
flame arresters, vents and breathers, and gasification of liquids. 

These filters are eminently suitable where a highly permeable, 
inexpensive filtering element is required. They are non-corrosive to 
a number of chemical fluids, and an important characteristic is the 
amount of oversize material they are capable of retaining before 
cleaning is necessary. Six grades are available, with filtering ranges 
between 1 and 100 microns. 


4. Improved Dyeline Processes. Details are contained in a 
neatly presented folder of improved dyeline processes in which, by 
virtue of a new technique in coating, semi-dry dyeline papers ‘and 
ammonia-vapour-developed materials are available with many im- 
portant improvements, including increased line density without 
sacrifice of printing speed; greater solidity of line reproduction 
and smoother half-tones in the background ; continuous and un- 
broken reproduction of weak pencil lines, with consequently in- 
creased contrast between lines and background ; sharper and better 
defined lines ; improved shelf life; and freedom from feathering 
when making subsequent additions in ink. 

In addition to these improvements, which are common to both 
processes, black-line materials are available, in the case of ammonia- 
vapour-developed materials, giving a 50% faster printing speed of 
equivalent line density, together with quicker and easier development. 


5. Durability of Aluminium in Building. Interest in 
aluminium as a building material has grown rapidly in the last few 
years, and the question of its durability is one that is often raised. 
A neatly produced and illustrated 40-page booklet explains how 
exposure to weather affects aluminium and gives evidence, consis- 
ting of long-term exposure test results and actual case histories, of 
the behaviour of aluminium under various conditions. 

This interesting publication should be of service to all concerned 
with the design or maintenance of buildings, or with any other 
exterior installations in which aluminium may be used. 


6. Sintered Brass Parts. Details are given in an illustrated 
8-page brochure of a powder-metallurgy process in which brass 
parts can be produced in volume at a fraction of the machining 
cost. These parts are produced from a carefully compounded 
powder material and are formed in precision-made dies. Forming 
takes place under great pressure, followed by a sintering process. 
The result is an accurately sized part of close tolerances, smouth- 
finished and fabricated in a free-machining brass of rigid specification. 

Advantages of the process include lower direct-labour costs, 
elimination of scrap and of expensive machining operations, lower 
inspection costs, and uniform quality and sizing throughout. 
Appearance, corrosion resistance, and workability of the material 
are similar to those of solid brass. 
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- Leading motor manufacturers 
al } in this country have collabor- _ motor fixing dimensions meets 
{ ated in the design of arange a widespread demand and will 
r { of totally-enclosed fan-cooled, ensure that when motor re- 
Y foot mounting, squirrel cage placement is necessary, lost 
z motors having outputs from production time is reduced 
* h.p. up to 25 hp. These toa minimum. 
M machines, rating for rating, METROVICK are manufac- 
will all be built to the same  turinganew range of machines 
leading dimensions which will which comply fully with 
| be laid down in a British British Standard Draft Speci- 
Standards specification. fication CN (ELE) 6814. 
This move to standardize The M.V. range is known as: One of the totally enclosed fan-cooled 
I f ( Type KNB _ motors: with standardized 
i fixing dimensions. 
METROPOLITAN-VICKERS ELECTRICAL COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17 
F Member of the A.E.1. group of compamies 





motors ready for world-wide service 
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The Record Changer Base Plate 
is reproduced by courtesy of 
the Plessey Company Limited. 











We have specialised in 






die casting zinc, aluminium, tin and 








lead alloys for over 50 years. The more 
complicated the job, the better we like it. We guarantee 
personal supervision at every stage, courteous service, and 






above all careful and precise workmanship. 


Write for advice and quotation to:— 


\ SPARKLETS LIMITED DEPT. DZ. QUEEN ST., TOTTENHAM,N.I7 
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Faster Than Thought 


Edited by B. V. Bowpen, M.A., Ph.D.(Cantab.). 35/- net. 

provides possibly the easiest understood analysis of the capa- 
bilities and limitations of modern digital computers and their methods 
of operation . . . Not a small part of the attraction of the presentation is 
the subtle, and sometimes cynical, humour of Dr. Bowden himself, 
whose writing is most delightful.”,—ELECTRICAL TIMES. 


Electronic Engineering Principles 
By JOHN D. Ryper, Ph.D. 37/6 net. 
To all those who require a fundamental and thorough treatment of 
electronic engineering, this book should prove of great value.”—EN- 
GINEERS’ DIGEST. 


Radioactivity and Radioactive Substances 


By Sir JAMEs CHADWICK, D.Sc., LL.D., F.R.S. New Fourth Edition 
revised and supplemented by Pror. J. Rorsiat, M.A., Ph.D., D.Sc., 
F.Inst.P. This book, which has now been carefully revised, presents 
the fundamental facts on which our present knowledge of “ classical ” 
radioactivity is based, and makes an excellent introduction both to this 
special study and to a general study of nuclear physics. Illustrated 
with photographic plates and diagrammatic drawings. 12/6 net. 


Aircraft Engineer’s Handbook 
This i is a new series specially designed for Aircraft Engineers qualifying 
for ‘*‘ M ” (Maintenance) Licences as laid down by the Air Registration 
Board in the British Civil Airworthiness Requirements (Section L, 
Licensing). 
No. 1. Airframe Structure and Controls, Flying Instruments 
and Equipment. By W. J. C. SPELLER. Covers the Category “A” 
Licence. 30/- net. 
By W. J. C. SPELLER. Covers the Category “‘A” Licence. 30/- net. 
No. 2, Instruments. By R. W. SLoLtey and W. H. CouLTHarD. 
Covers the Category ‘“‘ X ” Licence. 30/- net. 
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Calculation, Design and Testing of Reinforced 


Concrete 
By K. L. Rao, M.Sc., Ph.D., M.I.C.E. A new and up-to-date Second 
Edition of this book for students on the fundamentals of theory, testing, 
and design of reinforced concrete. It mainly represents the course of 
work in reinforced concrete that is covered by the civil engineering 
students of Loughborough College. Illustrated with diagrammatic 
drawings. 35/- net. 


D.C. Generators and Motors 
By J. E. MacFar.ane, B.Sc.(Eng.), M.I.E.E., etc. This book provides 
a simple introduction to these important ‘machines for engineering 
students studying for the National Certificates, Marine Engineers 
working for their “ tickets’? and for all those engaged in electrical 
installation work. 8/6 net. 


Machine Shop Practice 

By W. C. Durney, M.I.Mech.E., A.M.I.Prod.E. This authoritative 
book has been revised and brought up to date with the latest practice, 
and adequately meets the requirements of students and apprentices 
taking an Ordinary National Certificate Course in Production En- 
gineering, as well as those studying for the City and Guilds of London 
Intermediate Examination in Machine Shop Engineering. Illustrated. 
Third Edition. 12/6 net. 


Industrial Electronic Engineering 
By WELLS L. Davis and HERMAN R. WEED. Written by two American 
authorities on the subject, this book is designed for the advanced student. 
55/- net. 


Parker Street, Kingsway, London, W.C.2. 
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You have been waiting for this... practical ‘on site generation 





For the first time oxygen users are being 
offered Oxygeneration Plant made in 
Britain with which they can meet their 
oxygen and nitrogen needs, quickly, 
adequately, economically. The Butterley 
Company have entered this field of much- 
needed industrial equipment, and in a wide 
range of models is making available genera- 
tors with production rates rising from 300 
cu. ft. per hour to capacities that meet 
the most extensive requirements. 

This compact generating equipment is easy 
to install easy to operate, easy to maintain. 
It cuts out delays and cuts down costs. In 
short, it ensures that there is always ‘on 
tap’ unlimited supplies of pure and cheaper 
oxygen or nitrogen. You cannot afford to 
ignore its possibilities. 
Write today for a copy of 
—‘Butterley High Purity 
Oxygenerators’, a book 
whichfullydescribesthe 
sma!ler and intermedi- 
ate capacity generators 
that ensure constant 
supplies of oxygen or 
nitrogen at the lowest possible cost. 











































OXVYG/EM DIVISION, The Butterley Com'pany Limited 
20 Ashley Place, Victoria, S.W.I. Telephone: Victoria 8023-4-5 







Makers since 1790 of railway and other bridges; constructional steel work; unit bridging; overhead 
cranes; railway wagons and mine cars; iron castings; iron paving; mining and sheet metal machinery; 
wrought iron bars; sewage ejectors, pumps and air compressors; wool washing machinery. 
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Indus strial Fan & Heater Co Ltd 


” WORKS, BIRMINGHAM, II. phone: VICtoria 2277 


LONDON: 2 Oaklands Avenue, Brookmans Park, Herts. phone: Potters Bar 5175 
MANCHESTER: City Buildings, 69, Corporation Street, 4. phone: Blackfriars 6918 
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with Economy 


There’s a Sykes Precision Cutter for every gear pro- 
duction job. 


Standard types are available from stock 
and a specialised service provides for speedy design and 
production of special purpose tools. 


You can rely on 

them for accuracy and service, for they are the result of 

many years continuous development by an Organisation 
specialising in the design of gear cutting Machines and 
Tools. 


Each blank is separately forged from High 
Speed Steel of special analysis. 


_CHAIN _ 
SPROCKET _ 


Heat treatment is 
under close control and the scientifically proportioned 


cross-section provides maximum support to the cut- 


ting edge, ensuring accuracy and economy throughout 
a long productive life. 


MODIFIED PROFILE TOOLS 
= PRE- SHAVING TOOLS 
SPLINE 

__ CUTTERS 


PRE -GRINDING TOOLS 
HIGH PRECISION FINE PITCH CUTTERS 


HOBS SHAVING TOOLS 


EXTENDED 
BOSS TYPE 





on Hobs and Cutters 


W.E.SYKES LTD 


STAINES MIDDLESEX - ENGLAND 
Telephone: Staines 4281 (6 lines) 


Telegrams : ‘Sykutter, Staines’ 
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THE high rates of output and the degree of accuracy obtainable on the Churchill ‘Fulcro- /, 
Sizer ’ Automatic Plain Grinders are a revelation even to those accustomed to producing fine AS 


tolerance work on a manufacturing basis. 


THE CHURCHILL MACHINE TOOL COMPANY LIMITED, BROADHEATH, MANCHESTER 


Export Sales Organisation aes ..._ Associated British Machine Tool Makers Limited, London, Branches and Agents. 
Home Selling Agents aie _ haa Charles Churchill and Company Limited, Birmingham and Branches. 
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FOR CUTTING - HEATING - METAL SPRAYING - BRAZING 


SATURN INDUSTRIAL “GASES Lor D. 


Now Incorporate 
SATURN OXYGEN COMPANY LIMITED 
BRITISH CUTTING GASES LIMITED 
NEW-PROCESS GASES LIMITED 


AUTOGENOUS GASES LIMITED 
AUGAS NORTHERN LIMITED 

















< Branches: 
LA Saturn Inpustriat Gases ur.| “2... 
GLASGOW 
SUBSIDIARY COMPANIES MANUFACTURERS AND SUPPLIERS OF EQUIPMENT LONDON 
MANC. 
RAINVILLE ENGINEERING CO. LTD. pn 
BRITISH GAS AND TORCH CO. LTD. LYMINGTON (Hants) 
SUNDERLAND 
Head Offices of the Group: THORNABY-ON -TEES 
DOWNSHIRE HOUSE, ROEHAMPTON LANE, LONDON, S.W.I5 Telephone: PUTney 7742 
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Faster than Thought 


Edited by B. V. BowpeNn, M.A., Ph.D.(Cantab.). A symposium on 
digital computing machines, giving the history and background of the 
computer, its theory and design. 35/- net. 


The Design of Dams 


a A. BourGIN. Translated by F. F. FerGusson, M.I.C.E., F.G.S. 
45/- net. 

“... an excellent publication, which will prove a useful tool for the 
expert as well as for the student.”—JOURNAL OF THE INSTITUTION OF 
WATER ENGINEERS. 


Machine Shop Practice 


By W. C. Durney, M.I.Mech.E.. A.M.I.Prod.E. 
12/6 net. 


Third Edition. 


- - - @ recognized authoritative work for engineer apprentices and 
students . . . A sound investment.”—ENGINEER APPRENTICE. 


The Supervisors’ Guides 


No. 1. Leadership in the Factory. By JOHN MUNRO FRASER. 3/- net. 

“ For those in higher positions who are interested in the development 
of management thought, it should provide stimulating and thought- 
Provoking reading.”—JOURNAL OF THE INSTITUTE OF PRODUCTION 
ENGINEERS. 


No. 2. Understanding Other People. By JOHN MUNRO FRASER, 
M.A. A simple guide to personality which will help the supervisor 
to understand and allow for human limitations, and to be able to recog- 
nize and encourage human potentialities—in themselves as well as 
other people. 3/- net. 


Industrial Electronic Engineering 


By Weis L. Davis and HERMAN R. WEED. A new book, by two 
American authorities, which is designed for the advanced student. 
Illustrated. 55/- net. 


Electrical Engineering For Mining Students 


By G. M. Harvey, M.Sc., B.Eng., M.I.E.E. For this new Second 
Edition the text has been revised and brought into line with modern 
practice. 15/- net. 


A Manual of Time and Motion Study 


By JoHN W. HENDRY. A new Fourth Edition of this practical guide 
to the measurement of human endeavour in industry, and to the 
development of productive efficiency. 15/- net. 
“Well written and clearly describes the intricacies of the subject.” 
—MECHANICAL WORLD. 


Gears 


By H. E. Merritt, M.B.E., D.Sc.(Eng., Lond.), M.I.Mech.E. A 
revised Third Edition. 60/- net. 

“© A work which we do not hesitate to say will be found on the shelves 
of all engineers engaged on gear work and one which may be strongly 
recommended to students who are more attracted by the practical 
aspects of gears than by their mathematical aspects.”—THE ENGINEER. 


Applied Thermodynamics 


By the late WILLIAM ROBINSON, M.E., M.Inst.C.E., M.I.Mech.E. 
Up-to-date Third Edition revised by John M. Dickson, B.Sc., 
M.1I.Mech.E., etc. One of Pitman’s “ Engineering Degree Series.” 
40/- net. 

** No student working seriously through it need fear any examination 
on the usual lines.”"—THE TIMES. 


SIR ISAAC PITMAN & SONS, LTD., Parker Street, Kingsway, London, W.C.2. 


MARCH, 1954 Volume 15, No. 3 


Aé3 












YOUR OWN OXYGEN 


— from storage banks and cylinders 


CONSTANTLY 




























Cheaper oxygen . . . and a dependable supply — these are the 
benefits derived from a Butterley Oxygenerator. A storage 
bank is kept charged to feed the works pipelines and meet 
fluctuations in demand, while cylinders for use at points not 


served by the pipeline can be quickly recharged. 





Butterley Oxygenerators are complete, require no 


additional equipment, and are available in sizes that 
Jats f \g 
“meet every oxygen/nitrogen need. They are easy to We * 
¢ 7 ol (| / i} 
\ 





install, operate and maintain. 


We will be glad to send you a copy of Butterley High Purity Oxygenerators, a 
book which fully describes and illustrates this aid to easier, cheaper production. 


BUTTERLEY oxvcwzasrors 


OXYGEN DIVISION The Butterley Company Limited, 20, Ashley Place, London, S.W.1. /O 
Telephone: Victoria 8023-4-5. 


Makers since 1790 of railway and other bridges ; constructional steel work, unit bridging ; overhead cranes, railway wagons and 
mine cars ; iron castings ; iron paving ; mining and sheet metal machinery ; wrought iron bars; sewage ejectors ; pumps and air 
compressors ; wool washing machinery. 
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An L’stoker for them all 


For every known design and size of water-tube boiler there is 
a highly efficient ‘ L’ type travelling grate stoker. 


























@ Close control of air supply @ Automatic cleaning of fire bars 









@ = Burns efficiently any fuel from @ Remarkably low maintenance, 
refuse to anthracite with parts requiring attention 
easily accessible. 








View of the rear end of an‘L’ 
type travelling grate stoker 











Another example of 
| Enterprising Engineering 





ONDON OFFICE: NINETEEN WOBURN PLACE, W.C.1. Works: Derby, England; Port Elizabeth, South Africa; Sydney, Australia 


constant efficiency 


Two modern Hydraulic Pumps which have a place in any 
hydraulic scheme are the Fraser Mono-Radial 
and Deri-Sine Hydraulic Pumps. 
The Mono-Radial range | 
includes constant and 
infinitely variable out- 
puts for pressures up to 6,000 p.s.i. 
The Deri-Sine gives straight line 
flow characteristics for pressures 
up to 2,000 p.s.i. and outputs up 
to 90 g.p.m. 
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The Supervisors’ Guides 
No. 1. 


provoking reading.” —JOURNAL 
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No. 2. Understanding Other People. 
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other people. 3/- net. 


Electrical Engineering For Mining Students 
By G. M. Harvey, M.Sc., B.Eng., M.I.E.E. 


Practice. 15/- net. 


Applied Thermodynamics 


By the late WILLIAM ROBINSON, M.E., M.Inst.C.E., 


Up-to-date Third Edition revised by John M. Dickson, B.Sc., 
—oe etc. One of Pitman’s ‘Engineering Degree’’ Series. 
40/- net. 


‘“* No student working seriously through it need fear any examination 


on the usual lines.”,—THE TIMEs. 


Introduction to Ultra-High-Frequency-Radio 
Engineering 
By S. A. KNIGHT, F.R.S.A. 


grounding in u.h.f. techniques is given in this new book. 


radio engineers. Illustrated. 21/- net. 
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Leadership in the Factory. By JOHN MUNRO FRASER. 3/- net. 

** For those in higher positions who are interested in the development 
of management thought, it should provide stimulating and thought- 
INSTITUTE OF PRODUCTION 


By JOHN MUNRO FRASER, 
M.A. A simple guide to personality which will help the supervisor 
to understand and allow for human limitations, and to be able to recog- 
nize and encourage human potentialities—in themselves as well as 


«Ae For this new Second 
Edition the text has been revised and brought into line with modern 


M.I.Mech.E. 


A comprehensive, theoretical and practical 
It is suitable 
for amateurs, Forces’ radio mechanics, etc., and also as a reference for 
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Electric Traction Handbook (Control) 
By R. Brooks, B.Sc.(Eng.), M.I.E.E. This new book presents a 
comprehensive account of the control apparatus of electric trains, 
tramcars, and trolley-buses. Illustrated. 30/- net. 


_ Intermediate Engineering Drawing 
By PaRKINSON, F.I.E.D., A.C.P.(Hons.), F.Coll.H., etc. This 
well- ea work had been revised and brought up to date in a New 
Fourth Edition. It covers both geometrical and engineering drawing, 
and contains nearly 400 illustrations, a series of tables, and many 
exercises. 10/6 net. 


Solution of Problems in Engineering Drawing and 


Projective Geometry 
By K. L. Jackson, M.Sc., A.M.I.Mech.E., etc. “Contains a selection of 
problems in engineering drawing and projective geometry specially 
chosen from examination papers of the University of London. For 
the use of students preparing for the B.Sc.(Eng.) degree, or taking 
National Certificate courses. 10/- net. 


Modern Armature Construction. Winding and Repair 


By STUART F. PHILPoTT. 30/- net. 

. .. extremely well written . . . the book is obviously of the greatest 
value to all those concerned with the production and design of arma- 
tures.’”-—ELECTRICAL INDUSTRIES EXPORT. 


Electronics 
By A. T. Starr, M.A., Ph.D., M.I.E.E. This famous author has 
written a comprehensive treatise on theoretical and applied electronics. 
A new addition to the Pitman “ Engineering Degree” Series. 32/6 net. 
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Applied Thermodynamics 


By the late WILLIAM RoBINSON. New Third Edition, revised by JOHN M. 
DICKSON, B.Sc., M.I.Mech.E., etc. 40/- net. 

“It is to be doubted whether a better book of its type exists, and it 
can be most warmly recommended.”—TRANSACTIONS OF THE INSTITUTE 
OF MARINE ENGINEERS. 


Intermediate Engineering Drawing 


By A. C. PaRKINSON, F.I.E.D., A.C.P.(Hons.), etc. This well-known 
work, a stand-by of students for many years, has been revised and 
brought up to date in a new, fourth edition. It covers both geometrical 
drawing and engineering drawing, and contains nearly 400 illustrations, 
a series of useful tables, and many exercises. 10/6 net. 


The Factory 


By Dr. (ING.) G. SCHLESINGER. A recognised standard work on funda- 
mental problems of materials, labour, overhead, plant, manufacture, and 
economic control. Illustrated. 70/- net. 


Metallurgy of Welding 


By WALTER H. BRUCKNER, B.A., B.S., Ch.E. This new textbook by an 
American author is concerned with welding from the metallurgical 
viewpoint and thus provides the engineer profession with a valuable 
background to the problems involved in the welding of metals. Illus- 
trated. 30/- net. 


Mechanical Testing of Metallic Materials 


By R. A. BEAUMONT, A.M.I.Mech.E., A.F.R.Ae.S. Third Edition. 
25/- net. 

‘“*. . . likely to prove useful and instructive to all connected with the 
mechanical testing of metallic material, whether as an introduction to 
the subject or as a work of reference.’”-—AERONAUTICS. 


The Design of Dams 


By A. BourGIN ; translated by F. F. FERGUSSON. 45/- net. 

**. . . Mr. Bourgin’s book in French on Design of Dams has been 
very well received by all those concerned with dam design and con- 
struction and the English version of it will certainly have the same 
success.” —CIVIL ENGINEERING AND PUBLIC WORKS REVIEW. 


Meter Engineering 


By J. L. Ferns, B.Sc.(Hons.), M.I.E.E., A.M.C.T. An up-to-date 
Sixth Edition of this standard treatise. Fully illustrated. 27/- net. 

‘© The author is a recognised authority on modern electricity measure- 
ment and this book is already a standard work on this important subject. 
It is much more than a practical handbook for the repair and test bench.” 
—SCOTTISH ELECTRICAL ENGINEER. 


Electronics 


By A. T. Starr, M.A., Ph.D., M.I.E.E. This acknowledged authority 
has now written this comprehensive treatise on theoretical and applied 
electronics. One of Pitman’s Engineering Degree Series. 32/6 net. 
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YOUR OWN OXYGEN CONSTANTLY 


— from storage banks and cylinders 


Cheaper oxygen .. . and a dependable supply — these are the 
benefits derived from a Butterley Oxygenerator. <A storage 
bank is kept charged to feed the works pipelines and meet 
fluctuations in demand, while cylinders for use at points not 
served by the pipeline can be quickly recharged. 
Butterley Oxygenerators are complete, require no 





additional equipment, and are available in sizes that 
meet every oxygen/nitrogen need. They are easy to 





install, operate and maintain. 


We will be glad to send you a copy of Butterley High Purity Oxygenerators, a 
book which fully describes and illustrates this aid to easier, cheaper production. 


OXYGEN DIVISION The Butterley Company Limited, 20, Ashley Place, hanson, S.W.1. 
Telephone: Victoria 8023-4-5. 


Makers since 1790 of railway and other bridges ; constructional steel work, unit bridging ; overhead cranes, railway wagons and 
mine cars ; iron castings ; iron paving ; mining and sheet metal machinery ; wrought iron bars; sewage ejectors ; pumps and air 
compressors ; wool washing machinery. 


BUT, 4235 


A64 THE ENGINEERS’ DIGEST 





ShlLEe 


ENGINEERS 
DIGEST 


REVIEW OF WORLD ENGINEERING PROGRESS 


VOL. XV_ No. 6. UNE, 1954 


















The 


for constant efficiency .,, 


| The 
Two modern Hydraulic Pumps which have a place in an} Sh 
} 0) 
hydraulic scheme are the Fraser Mono-Radial 
and Deri-Sine Hydraulic Pumps. - 
Rec 


The Mono-Radial range 


includes constant ano Red 
‘ infinitely variable out! “The 
puts for pressures up to 6,000 psi. [my 


The Deri-Sine gives straight line Boy 


flow characteristics for pressures Th 
up to 2,000 p.s.i. and outputs 

P p.S.! puts up Ne 

| Cla 

Ne 


fica ERASER woniiiiz'ron 


ANDREW FRASER & CO LTD 29 BUCKINGHAM GATE LONDON SW1 PHONE VICTORIA 6756-9 
| 





a) 


in any} 


)- Radia 


a 


Pumps: 
I range 
nt and 
le out-! 
0 p.S.i. 
1t line 
>SSures 


uts Up 


CONTENTS 


The Blue Pages .. A ‘is es ae 
‘“ Human-Engineering ” Aspects of Safety .. 
Thermal Protection of Lift Motors .. ar ss 


Short-Circuit Protective Relay for D.C. Networks .. 


Quench Cracks in Wrought-Steel Tubes 
Reciprocal or Pendulum Milling “ss 


Reduction of Oil-Ash Deposition in Gas-Turbine Plants 


The Automatic Measurement of Specific Heat 


Improvements in the Manufacture of Transformer Sheet 


Bonded Joints for Aircraft Control Rods... oe 
Thermostat Metals and their Applications 

New Materials, Processes and Equipment 

Classified Abstracts 

News of the Month 














Page 
«> @an 
REVIEW OF WORLD ENGINEERING PROGRESS 
<~ 225 
227 VOL. XV. No. 6 JUNE, 1954 
230 EDITORIAL AND ADVERTISING 
OFFICES : 
231 
GREAT BRITAIN 
235 120 Wigmore Street, London, W.1. 
Telephone: WELbeck 9357 & 6263 
Preee-< | 
U.S.A. 
a 239 366 Madison Avenue, New York 17, N.Y. 
Telephone: MUrray Hill 2-8865 
-. 241 
FRANCE 
x 243 52 Rue Taitbout, Paris (9c) 
Telephone: Trinité 64-07 
.. 245 
Annual Subscription Rates : 
247 £2 2s. Od. in the Sterling area, $7.50 in 
the Dollar area. 
255 Printed in Gt. Britain by RoBERT STOCKWELL LTD., 
5-13 Baden Place, London, S.E.1, and published 
259 monthly by the proprietors, ENGINEERS’ Dicest L1p., 
0 Wigmore Street, London, W.1. 














J ——_N\ pitman]__— 


| 
INE 


M P| 
6-9, 


3992| 


t 


Microscopical Techniques in Metallurgy 


By HENRY THOMPSON. An up-to-date and practical textbook on the 
microscopical examination of metallic materials. Techniques are ex- 
plained in detail and special attention is given to the equipment to be 
used, and the photographing and interpretation of microstructures. 
18 - net. 


Intermediate Engineering Drawing 


By A. C. PaRKINSON, A.C.P.(Hons.). A new Fourth Edition of a 
widely used book which incorporates several new drawings and 
examination questions. The scope of the book has now been extended 
to cover the examinations of the Institution of Production Engineers, 
the Institution of Engineering Draughtsmen and Designers, and the 
Institute of the Motor Industry. 10/6 net. 


The Factory 


By Dr. (Ing.) G. SCHLESINGER. In this outstanding work, ten different 
factories have been selected as examples to illustrate how lay-out, 
performance, management, administration and economic control form 
a unity, and to show that the organizer responsible for the creation of 
such a factory must be able to survey the whole task from the beginning 
to the end, from the planning of the layout to the examination of the 
financial results. 70/- net. 


Metallurgy of Welding 
By WaLtTeR H. BRUCKNER, B.A., B.S., Ch.E. This book, by an 
American author, deals with welding from the metallurgists viewpoint, 


and_ will thus provide much-needed material to the engineering 
profession. Illustrated. 30/- net. 


SIR ISAAC PITMAN 


‘masses tag 


JUNE, 1954 Volume 15, No. 6 
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Mechanical Testing of Metallic Materials 
With Special Reference to Proof Stress 


By R. A. BEAUMONT, A.M.I.Mech.E., A.F.R.Ae.S. Based upon 
lectures and practical demonstrations given by the author at the 
Mechanical Testing Laboratory of the College of Aeronautical En- 
gineering, this new Third Edition has been completely revised and 


partially re-written to bring it completely up to date. 25/- net. 
Meter Engineering 
By J. FERNS, B.Sc.(Hons.), M.I.E.E. Sixth Edition. 27/- net. 


ee excellently illustrated and comprehensive work is one that 
no meter testing assistant can afford to be without, while the lucid 
treatment of underlying theory makes it a useful textbook.” —MECHANICAL 
WORLD. 


Rolling Bearings 


By R. K. ALLAN. Illustrated. 35/- net. 

“This is an extremely valuable work, and in their own interests, it 
should be in the hands of all designers, draughtsmen, plant and main- 
tenance engineers and students.””—POWER TRANSMISSION. 


Electronics 


By A. T. Starr. A comprehensive treatise on theoretical and applied 
electronics, by an authority. 32/6 net. 
“This is an outstanding text book from the viewpoint of both 
teacher and student and one which is likely to be widely adopted.” 
—THE ELECTRICAL JOURNAL. 
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NEW! 


For polishing and foundry work. 


WET SEPARATORS 


(Patent applied for No. 9027) 







Airflo” pioneers yet arother 
important advance in Dust 
Collecting technique—the new 
Wet Separator. The special 
advantage of this unit is that 
dust is collected outside the 
Collector. This makes the job 
of dust disposal the simplest 
thing in the world. Thus 
Collectors are always properly 
emptied and maintained in the! einen ' TRADE MARK 
most efficient condition with 
the least possible attention. 































an established success 
the amazing P.V.C. Fan 


This is the fan that resists the chemical action of 4 
strong acids, alkalis and moist gases —this is the fan 
that has provided industry with the greatest step 
forward in chemical fume handling technique—this is 

the ‘‘Resista’’ Fan which you should know more about. 

We also supply P.V.C. Hoods and Ducting. 


“RESISTA” 
TRADE MARK FAN 


As specialists responsible for some of the largest ventilating and 
heating schemes in this country and abroad, as well as thousands 
of small installations, we cover the whole of this industrial field, 
Our engineers have experience of practically all factory conditions 
—this experience means that every “Airflo’’ unit does a 100", 
job with utmost economy, We invite you to consult us regarding 
YOUR needs now. 











We manufacture every type of Dust Collecting and Ventilating Plant — large or small. 


Industrial Fan « Heater Co Ltd 


Gif” WoRKS, BIRMINGHAM, II phone: ViCtoria 2277 


LONDON: 2 OAKLANDS AVENUE, BROOKMANS PARK, HERTS. phone: Potters Bar 5175 
MANCHESTER: CITY BUILDINGS, 69 CORPORATION ST., 4 phone: Blackfriars 6918 
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in a nutshell! 


Send for leaflet No 7020/2-2 


METROVICK 
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Squirrel - cage Motors 


Member of the A.E.F. group of companies 
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Filtering Rate * High y—99.9°% plus. 
Examples. | per sq. ft. Particle Size H iii telat of recovery 99-970 P 
| felt area 
—_—_— ——| * Greatly reduced filter cloth area means 
Seen yond ‘ en a c.f.m. My rn G y fi 
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ao He 2" bn, 30 |, | sistance to air flow. * Cleaning ring 
Tungstic Acid 10/15 5, | 2/5 4, a ; F 
Magnesium Trisilicate ' 4/9 ,, [20/30 ,, eliminates mechanical shaking. 
Diagram showing operation of the MIKRO-FIL UNIT — Felt Bag (A) is clamped 
in housing (B). Dust-laden air enters from top (C). As the air passes through filter 





medium, dust deposited on inner surface of bag is dislodged by dual-action of cleaning ring 
(D). Cleaning is accomplished by counter-current of pressured air from ring and flexing 
of bag by ring as it moves up and down continuously. 


SEND FOR — Your copy of new MIKRO-FIL UNIT bulletin. 
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The Factory 


By Dr. (ING.) G. SCHLESINGER. A recognised standard work on funda- 
mental problems of material, labour, overhead, plant, manufacture, and 
economic control. Illustrated. 70/- net. 


Meter Engineering 


By J._L. Ferns, B.Sc.(Hons.), M.I.E.E., A.M.C.T. An up-to-date 
Sixth Edition of this standard work. Fully illustrated. 27/- net. 


The author is a recognised authority on modern electricity measure- 
ment and this book is already a standard work on this important subject. 
It is much more than a practical handbook for the repair and test bench.” 
—SCOTTISH ELECTRICAL ENGINEER. 


Automatic Voltage Regulators and Stabilizers 


By G. N. PaTCHETT, Ph.D., B.Sc.(Hons.Lond.), A.M.I.E.E., M.I.R.E. 

This new book covers all types of voltage regulators from those of few 
watts Output to those controlling thousands of kilowatts. Profusely 
oo with photographic plates and clear diagrammatic drawings. 
50/- net 


Microscopical Techniques in Metallurgy 


By HENRY THOMPSON, A.I.Prod.E., A.R.Ae.S., A.M.I.F.I. This new 
book forms a valuable reference work for students, inspectors, and 
examiners in the metal industries, providing them with information 
about the recommended techniques used in the microscopical examina- 
tions of metals. Illustrated. 18/- net. 


SIR ISAAC PITMAN & SONS, LTD., 
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Practical Sheet and Plate Metal Work 
By the late E. ARTHUR ATKINS. Up-to-date Sixth Edition revised by 
W. A. Atkins. Illustrated. 20/- net. 


** We can recommend this book as a sound reference for all engaged in 
sheet metal work.” —ENGLISH MECHANICS. 


Applied Thermodynamics 


By the late WILLIAM RoBINSON. New Third Edition, revised by John 
M. Dickson. 40/- net. 


** It is to be doubted whether a better book of its type exists, and it 
can be most warmly recommended.” —TRANSACTIONS OF THE INSTITUTE 
OF MARINE ENGINEERS. 


Rolling Bearings 


By R. K. ALLAN, A.M.1I.Mech.E., M.1I.P.E. A comprehensive treatise 
covering history, theory, design, and the practical application and use 
of ball and roller bearings. Second Edition. 35/- net. 


‘** |. . should rank as an engineering classic for many years to come.” — 
ENGINEERING. 


Gears 


By H. E. Merritt. Illustrated. Third Edition. 60/- net. 


_“* A work which we do not hesitate to say will be found on the shelves 
of all engineers engaged on gear work and one which may be strongly 
recommended to students.” —THE ENGINEER. 


Parker Street, Kingsway, London, W.C.2. 
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Progress Report. We knew Industry would be interested in 
our Oxygen/Nitrogen Generators, but we did not anticipate 
the hundreds of enquiries that have come in from all parts of the 
world. The full resources of the Butterley Group are, and will 
continue to be, behind this aspect of our business. It is backed ina 
practical manner by 164 years of accumulated engineering 
experience in many fields. 


‘“Tonnage’’ Oxygen The increasing interest in ‘‘Tonnage”’ 
oxygen for steel-making, and the large scale production of 
Nitrogen for chemical processes, has led us to expand into this 
field. Arrangements have been made to manufacture under 
licence the Air Products Inc. ‘‘Tonnage’’ plants which have been 
so successful in the United States. 

‘“‘Tonnage’’ oxygen is relatively new to British Industry and we 
thought it wiser to enter into this agreement and be able to offer 
tried and tested plant, rather than commence designing ourselves, 
only for the customer to have to suffer the uncertainties 
inevitable with plant still in the design and experimental stage. 


BUTTERLEY 


OXVYGEMERATORS 


OXYGEN DIVISION, THE BUTTERLEY COMPANY LIMITED 
20, ASHLEY PLAGE, LONDON, S.W.1. VICTORIA 8023-4-5 


Makers since 1790 of railway and other bridges; constructional steel work, unit bridging; overhead cranes, 





railway wagons and mine cars; iron paving; mining and sheet metal machinery; wrought iron bars; sewage 
ejectors; pumps and air compressors; wool washing machinery. 
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for constant efficiency 
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Two modern Hydraulic Pumps which have a place in any 


rs 


hydraulic scheme are the Fraser Mono-Radial 
and Deri-Sine Hydraulic Pumps. | 
The Mono-Radial range 
includes constant and | 
infinitely variable Out: | 
puts for pressures up to 6,000 p.s.i. 
The Deri-Sine gives straight line 
flow characteristics for pressures 
up to 2,000 p.s.i. and outputs an 
to 90 g.p.m. 


| 


MONO RADIAL & DERI-SINE 


TRADE MARKS 


fit a FRAS' HYDRAULIC PUMP | 


ANDREW FRASER & CO LTD 29 BUCKINGHAM GATE LONDON SW1 PHONE VICTORIA 6756-9 | 
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Microscopical Techniques in Metallurgy 
By HENRY THOMPSON. An up-to-date and practical textbook on the 
microscopical examination of metallic materials. ‘Techniques are ex- 
plained in detail and special attention is given to the equipment to be 
used, and the photographing and interpretation of microstructures. 
18/- net. 


The Factory 

By Dr. (Ing.) G. SCHLESINGER. In this outstanding work, ten different 
factories have been selected as examples to illustrate how lay-out, 
performance, management, administration and economic control form 
a unity, and to show that the organizer responsible for the creation of 
such a factory must be able to survey the whole task from the beginning 
to the end, from the planning of the layout to the examination of the 
financial results. 70/- net. 


Metallurgy of Welding 
By Wa ter H. BRuCKNER, B.A., B.S., Ch.E. This book, by an 
American author, deals with welding from the metallurgists viewpoint, 
and_ will thus provide much-needed material to the engineering 
profession. Illustrated. 30/- net. 


Practical Sheet and Plate-Metal Work 
By the late E. ARTHUR ATKINS. Up-to-date Sixth Edition revised by 
E. Arthur Atkins. Profusely illustrated. 20/- net. 
“The knowledge contained in the book is of an essentially practical 
nature. It should appeal to all workers in sheet metal work, and to 
all those who have to supervise such work.”—IRON AND STEEL. 


Applied Thermodynamics 
By the late WILLIAM RoBINSON. New Third Edition, revised by JOHN 
M. DicKson, B.Sc., M.I.Mech.E., etc. 40/- net. 
‘** It is to be doubted whether a better book of its type exists, and it 
can be most warmly recommended.”—TRANSACTIONS OF THE INSTITUTE 
OF MARINE ENGINEERS. 


Fluid Pressure Mechanisms 
By H. G. Conway, M.A., M.I.Mech.E., F.R.Ae.S. Illustrated. 25/- 
net. 
‘* The authors and publishers are to be congratulated on an excellent 
book which should be in the library of all engineers who design or use 
these mechanisms.’”-—MECHANICAL WORLD. 


Factory Administration in Practice 
By W. J. Hiscox and JAMES STIRLING, A.M.I.A.E. Up-to-date Sixth 
Edition. 8/6 net. 

** A concise and practical manual of modern industrial administration, 
and may be recommended, not only to engineers, but to all whose 
interests call for increased work efficiency.”,-—MANCHESTER GUARDIAN 
COMMERCIAL. 


Mechanical Testing of Metallic Materials 


With Special Referenee to Proof Stress 
By R. A. BEAUMONT, A.M.I.Mech.E., A.F.R.Ae.S. Based upon 
lectures and practical demonstrations given by the author at the 
Mechanical Testing Laboratory of the College of Aeronautical En- 
gineering, this new Third Edition has been completely revised and 
partially re-written to bring it completely up to date. 25/- net. 
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These are some extracts from the Report 
Fim on the NEW versatile V.4 
, = Gear Generator 


by a well-known Engineering Journal > 


‘The extreme flexibility of this type of Machine is 
not always fully realised...’ 


‘Even more remarkable is the variety of intricate 
shapes that can be turned out...” 


EXTERNAL & 


HELICAL Wags 


EXTERNAL 


INTERNAL /- 
SPUR & 
HELICAL 





External and internal spur and helical gears, 
splines and serrations can be produced at high output rates 
with great accuracy, and a Rack Cutting Attachment is avail- 
able for generating spur and helical racks. Furthermore, 
intricate shapes that could otherwise only be produced in the 
tool room, can be formed exactly to size as a routine operation. 
Set up is simple —there are no cams to change, and the con- SPUR & 
trols are grouped for ease of operation. HELICAL 


SEPTEMBER 14” 10 23° 1954 } 


s3s352:] 


e For gears up to 45 in. dia. 
and 4 in. face, and racks 
STAND up to 6 ins. long. 
e iy 
7726 Reasonably short delivery 
gt dates are offered. INTRICATE 
4 EUROPEAN ve ° FORM FROM 


MACHINE TOOL ‘Machinery Lloyd’’. Reprints of FLAT SECTION 
EXHIBITION HALL yf * this Report available on request 





W.E. SYKES LTD - STAINES - MIDDLESEX - ENGLAND - Phone: Staines 4281 (6 lines) - Grams: ‘Sykutter, Staines’ 
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THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 


SHEFFIELD ENGLAND 





DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 


Service to Ind 


Electro Dynamic equipment is 
rendering a highly efficient service 
to industry in all its phases. It in- 
cludes a very wide range of Battery 
Traction Motors, Polyphase Vari- 
able Speed Commutator Motors, 
Motor Generators and Motor 
Alternators with very close fre- 
quency and/or speed control etc. 
and a wide range of Control Gear 
from small Battery Charging Panels 
to large fully automatic Panels. 

Whatever electrical equipment 
you require, either standard or 
modified to meet special needs, 
Electro Dynamic can supply it. 
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A typical example 
of an Electro Dyna- 
mic Traction Motor 
as fitted to a works - 
truck. os 


LECTRO DYNAMIC 


ONSTRUCTION COMPANY LTD. 
ST. MARY CRAY, KENT 


Phone : 


CONTROL GEAR WORKS: 
Bridgwater, Somerset 


Orpington 2560-3 Phone: Bridgwater 2882 
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Aircraft Engines of the World, 1954 


By PauL H. WILKINSON. The new 1954 edition marks the twelfth 
year of publication of this international reference book. Superbly 
produced and iilustrated, it contains the latest information about 
jet engines and reciprocating engines from all over the world. 
320 pages. 50/- net. 


Telecommunications 
By A. T. Starr. A new edition to Pitman’s Engineering Degree 
Series which covers the syllabus for the subject of Telecommuni- 
cations in the London University Degree. 454 pages. 35/- net. 


Microscopical Techniques in Metallurgy 
By Henry THOMPSON, A.I.Prod.E., A.R.Ae.S., A.M.I.E.I. This 
new book forms a valuable reference work for students, inspectors 
and examiners in the metal industries, and deals with the recom- 
mended techniques used in the microscopical examinations of 
metals. Illustrated. 18/- net. 


Handbook of Aeronautics No. 2 


Component Design 
Published under the Authority of the Council of the Royal Aero- 
nautical Society. This book describes the construction and prin- 
ciples of design of aircraft structures, and the design and operation 
of the various parts. It also illustrates the great importance of 
weight control and its relation to efficient production and high 
performance. Fully indexed and illustrated. 30/- net. 


Electric Traction 
By A. T. Dover, M.I.E.E., A.M.Amer.I.E.E. A completely up-to- 
date Third Edition of this standard work for electrical engineers 
and advanced students. Profusely illustrated. 60/- net. 


Mechanical Testing of Metallic Materials 
With Special Reference to Proof Stress. 
By A. BEAUMONT, A.M.I.Mech.E., A.F.R.Ae.S. A completely 
revised Third Edition of this popular book. 25/- net. 

. . . of equal appeal to the expert and the novice.””—AERO- 
NAUTICS. 
Metallurgy of Welding 
By WaLTER H. BRUCKNER, B.A., B.Sc., Ch.E., Research Associate 
Professor of Metallurgical Engineering in the Department of Mining 
and Metallurgical Engineering in the University of Illinois. 30/- net. 
i . treats a subject which has in the past been somewhat neg- 
lected, a subject, in fact, which foundrymen cannot ignore.’ 

FOUNDRY TRADES JOURNAL. 


Practical Sheet and Plate Metal Work 
By the late E. ARTHUR ATKINS. Sixth Edition, revised by W. A. 
Atkins. Profusely illustrated. 20/- net. 
““We can recommend this book as a sound reference for all 
engaged on sheet metal work.”—ENGLISH MECHANICS. 


Applied Thermodynamics 
By the late WILLIAM ROBINSON, M.E., M.Inst.C.E., M.I.Mech. E. 
Revised by JoHN M. Dickson, B.Sc., M.I.Mech.E., etc. A Third 
Edition of this book, one of Pitman’s Engineering "Degree Series. 
40/- net. 


Modern Armature Construction Winding 


and Repair 
By Stuart F. PHItpott. Illustrated. 30/- net. 
. . the book is obviously of the greatest value to all those 
concerned professionally with the production and design of arma- 
tures.”"—ELECTRICAL INDUSTRIES EXPORT. 
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Up goes efficiency with the “L” type stoker 


There is a highly efficient ‘L’ type stoker to suit 
every known design and size of water tube boiler. 


e Close control of air supply 
¢ Automatic cleaning of grate surface 


e Efficient burning of fuels with widely differing 
characteristics 


e Very little maintenance required 


INTERNATIONAL CG TION PRODUCTS LTD 


London Office: Nineteen Woburn Place, W.C.1 


WORKS: DERBY, ENGLAND, 
PORT ELIZABETH, SOUTH AFRICA; SYDNEY, AUSTRALIA 
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Top: A large ‘L’ type stoker with twin travel- 
ling grate during installation. 


Below: Hand operation of smali‘L’ stoker 
grate during erection. 
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“WHAT DO YOI 
THINK DOC?” 


‘Ah! the heart of efficient production 


Specialists at work—undoubtedly.” 


BRITAIN’S FOREMOST DISTRIBUTORS MONKS & CRANE LTD 


THE TWIST DRILL SPECIALISTS 
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smooth controlled 
power in industry 
The Fraser Mono Radial hydraulic pump is a positive 
displacement plunger type which combines high and 
low pressure outputs resulting in high speed 
operation with economy in power. The range 


of standard pumps includes constant 


high pressure delivery, automatic 


and independent low and high 
pressure deliveries and infin- 

itely variable delivery 
pumps. Standard pres- 
sures range up to 


6,000 p.s.i. 
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Aircraft Engines of the World, 1954 


By Paut H. WILKINSON. The new 1954 edition marks the twelfth 
year of publication of this international reference book. Superbly 
produced and illustrated, it contains the latest information on 
jet engines and reciprocating engines from all over the world. 
320 pages. 50/- net. 


Handbook of Aeronautics No. 2 
Component Design 


Published under the Authority of the Council of the Royal Aero- 
nautical Society. This book describes the construction and prin- 
ciples of design of aircraft structures, and the design and operation 
of the various parts. It also illustrates the great importance of 
weight control and its relation to efficient production and high 
performance. Fully indexed and illustrated. 30/- net. 


Atomic Energy and its Applications 


By J. M. A. LENIHAN, M.Sc., Ph.D., F.Inst.P., Physicist to the 
Western Regional Hospital Board, Scotland. This book provides 
a simple account of the physical foundations of nuclear science, a 
concise description of their applications and a guide to future 
progress in the exploitation of atomic energy. 22/6 net. 


Lighting for Colour and Form 


By ROLLO GILLESPIE WILLIAMS. In his new book this famous 
authority brings together a vast number of different but related 
branches of knowledge concerning lighting for the architect, 
scientist, designer, lighting technician, artist, engineer, display 
expert, photographer and contractor. Famous on both sides of the 
Atlantic as a lighting designer and originator, the author is probably 
the world’s leading authority on mobile colour lighting. 45/- net. 


Telecommunications 


By A. T. Starr. A new edition to Pitman’s Engineering Degree 
Series which covers the syllabus for the subject of Telecommuni- 
cations in the London University Degree. 454 pages. 35/- net. 


Soil Mechanics Related to Building 


By JOHN H. G. KiNG, A.M.I.C.E., A.M.I.Struct.E., and DEREK A. 
CRESWELL, A.M.I.Struct.E. This new book is primarily intended 
for the practising engineer, architect, or surveyor who needs to 
use soil mechanics technique with every day problems. It also 
covers much of the ground required by the syllabus of the Institu- 
tions of Civil Engineers and Institution of Structural Engineers’ 
examinations. Illustrated. 16/- net. 





For details of other books write to: SIR ISAAC PITMAN & SONS LTD 


PARKER STREET 


OCTOBER, 1954 Volume 15, No. 10 


KINGSWAY - LONDON, W.C.2 


Aé3 









NEW! 


For polishing and foundry work. 


WET SEPARATORS 


(Patent applied for No. 9027) 










“Airflo” pioneers yet another 
important advance in Dust 
Collecting technique—the new 
Wet Separator. The special 
advantage of this unit is that 
dust is collected outside the 
Collector. This makes the job 
of dust disposal the simplest 
thing in the world. Thus 
Collectors are always properly itil 
emptied and maintained in the , a TRADE MARK DEL 
most efficient condition with 
the least possible attention. 



























an established success | 
the amazing P.V.C. Fan | 


This is the fan that resists the chemical action of 
strong acids, alkalis and moist gases—this is the fan 
that has provided industry with the greatest step 
forward in chemical fume handling technique—this is 
the ‘‘Resista’’ Fan which you should know more about. 
We also supply P.V.C. Hoods and Ducting. 


“RESISTA” 
TRADE MARK FAN 


As specialists responsible for some of the largest ventilating and 
heating schemes in this country and abroad, as well as thousands | 





——— 








of small installations, we cover the whole of this industrial field 
Our engineers have experience of practically all factory conditions 
—this experience means that every “Airflo’’ unit does a 100°, 
job with utmost economy, We invite you to consult us regarding 
YOUR needs now. 








We manufacture every type of Dust Collecting and Ventilating Plant — large or small. 


Industrial Fan « Heater Co Ltd 


Gif” worKs, BIRMINGHAM, II phone: VICtoria 2277 


LONDON: WESTMINSTER BANK CHAMBERS, 42 HIGH STREET, BARNET. phone: Barnet 8250 
MANCHESTER: CITY BUILDINGS, 69 CORPORATION ST., 4 phone: Blackfriars 6918 
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fonai Bureau of Standards 
Library. N. W. Bidg. 


J Standardised 
| dimensions 


in a nutshell! 


Send for leaflet No 7020/2-2 
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METROVICK 
Type KN-B Wi 


Squirrel - cage Motors | 


Member of the A.E.F. group of companies 





a ~\ | The 





in standard sizes OF to your own {| Soaimmn <4 : a 
specification. re | 
, The 
Our catalogue will help you select 
a type and size of chuck most suitable Effe 
to your needs. 
Write for your copy today. Inv 
Dev 
AS 
AB 
| Cos 
J. H. HUMPHREYS & SONS, BLAC } a | Ne\ 
' KRIDING ELECTRIC — a 
AL WORKS, WERNETH, 0 - 
s OLDHAM. Phone: MAI 1651 | N 
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pYROMETER PROTECTION SHEA 
R USE at 100°; 1200° C- | 
CASTINGS FO : 
me) = 


ALLOY 


= CROMITE FOUNDRY COL72 | » 


LAW. 
RENCE RD ‘TOTTENHAM :-LONDON.NIS sl 
wi 


PHONE-STAMFORD HILL 4237 ™ 














5I 








CONTENTS 


The Blue Pages .. i ws ¥ 


The Effects of Nuclear Radiation on Engineering Materials. . 
The Evaporation Velocity of Single Droplets of Liquids 


Effects of Surface Treatment on the Strength and En- 


durance of Steels .. as ed 25) ae 


Investigation of Surface Tension in Metal-Bonding Processes 


Developments in Silicones... 4 “ce 

A Survey of Corrosion Inhibitors... es 

A Balancing Machine for High-Speed Rotors 

Cost Accountancy in the Engineering Industry es 
New Materials, Processes and Equipment .. 
Classified Abstracts .. “a 

News of the Month... a sa ee 


.. 463 


Page 
457 





REVIEW OF WORLO ENGINEERING PROGRESS 





461 | voL. xv. No. II NOVEMBER, 1954 
EDITORIAL AND ADVERTISING 
OFFICES : 

GREAT BRITAIN 
120 Wigmore Street, London, W.1 





466 - 
Telephone: WELbeck 9357 & 6263 
469 U.S.A. 
366 Madison Avenue, New York 17, N.Y. 
473 Telephone: MUrray Hill 2-8865 
a FRANCE 
: 476 52 Rue Taitbout, Paris (9c) 
‘Telephone: Trinité 64-07 
480 
ITALY 
481 Via Gran Sasso N.28, Milan. 
ei Telephone: 208.741 
483 Annual Subscription Rates : 
£2 2s. Od. in the Sterling area, $7.50 in 
489 the Dollar area. 
Printed in Gt. Britain by RoBERT STOCKWELL LTD., 
493 5-13 Baden Place, London, S.E.1, and published 


monthly by the proprietors, ENGINEERS’ DiGEst LTD., 
0 Wigmore Street, London, W.1. 








~~ 





PITMAN | 





Radio and Radar 


Technique 


By A. T. Starr, M.A., Ph.D., M.I.E.E. Superbly produced and 
Seika 75/- net. 

= . will without a doubt find a place upon the shelves of all the 
technical and scientific libraries . . . will doubtless become a standard 
work.” —MACHINERY LLOYD. 


Lighting for Color 
and Form 


By ROLLO GILLESPIE WILLIAMS. A world-famous authority brings 
together a vast number of different but related branches of knowledge 
concerning lighting for the architect, scientist, designer, lighting tech- 
nician, artist, engineer, display expert, photographer, and contractor. 


45/- net. 
Soil Mechanics Related 
to Building 


By JoHN H. G. KiNG, A.M.I.C.E., A.M.I.Struct.E., and Derek A. 
CRESWELL, A.M.I.Struct.E. Primarily intended for the practising en- 
gineer, architect or surveyor who needs to use soil mechanics with every- 
day problems, this new book covers much of the ground required by the 
syllabus of the Institutions of Civil Engineers and the Institution of 
Structural Engineers examinations. 16/- net. 


Practical Jig and Tool-making 


By Ropert S. CONNELL. This is a compact reference book devoted to 
the practical side of jig, tool and fixture design. A comprehensive 
selection of reference tables is included, and the book is well illustrated 
with line drawings and photographic plates. 12/6 net. 





The Design of Valves 
and Fittings 


By G. H. Pearson, A.M.I.Mech.E., A.M.Inst.F., A.I.Mar.E. This is 
probably the first book written on the design of valves and boiler fittings. 
Profusely illustrated, it will provide the designer with a surer foundation 
for design than the rule-of-thumb methods often adopted. 50/- net. 


The Design of Dams 


By A. BourGIN. Translated by F. F. Fergusson. 45/- net. 

. . altogether an excellent cdiacamiee which will prove a useful 
tool for the expert as well as for the student.”—JOURNAL OF THE IN- 
STITUTION OF WATER ENGINEERS. 


Pictorial Drawing for 


Engineers 


By A. C. PARKINSON, F.I.E.D., A.C.P.(Hons.), F.Coll.H., F.Inst.Mech., 
etc. In this book all types of commonly-used pictorial systems are 
described and their geometrical bases explained in simple terms. Their 
application to examples graded in difficulty is shown, and a series of 
exercises is provided to enable those who wish to do so, to master the 
various techniques. 16/- net. 


The Supervisor’s Guides 


By JoHN Munro Fraser, M.A. Three books, each 3/- net. 


No. 1. Leadership in the Factory. 
No. 2. Understanding Other People. 
No. 3. Why Work ? 





For details of other books write to : 


NOVEMBER, 1954 Volume 15, No. II 


Sir Isaac Pitman & Sons Ltd 
Parker Street - Kingsway « London « W.C.2. 
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Cables by EDISWAN 








To facilitate increased production 

of beet sugar at the Kidderminster 

and Poppleton factories of the 

British Sugar Corporation Ltd., 

a complete re-planning of the 

L.T. power and lighting distri- 

bution schemes was_ recently 

undertaken. This work, involv- 

ing the erection and jointing of i j elec 
some 4,000 yards of Ediswan erence 
paper-insulated mains cable in 

each factory, was designed and 

carried out by the Cable Contracts 

Department of The Edison Swan 

Electric Co. Ltd., in association 

with the Corporation’s engineers. 





THE EDISON SWAN ELECTRIC COMPANY LTD., 155 Charing Cross Rd., London, W.C.2 


Member of the A.E.I. Group of Companies 
C.3 
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| National Bureau of Standards 
Library. N. W. Bide, 


N19 PINE WORK 


This tiny but important meter train by 
Ferranti Limited, is not only an 
example of the fine precision work 
carried out by that famous organisation 
but also demonstrates the way in which 
‘Duralumin” can assist in develop- 
ments in the electrical field. 

The construction is largely in 
‘*Duralumin”’ manufactured to very 
fine tolerances and its use means that 
less power is required to drive the train, 
the accuracy of the meter thereby 
being increased. 

*‘Duralumin’”’ is one of a comprehensive 





range of light alloys developed by 
James Booth & Company Limited, and 
and these modern materials are being 
increasingly used with great advantages 
in electrical engineering and electronics. 
Our Development Department will 
always be pleased to offer advice 
entirely without obligation. 
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by FERRANTI 





ARGYLE STREET WORKS * BIRMINGHAM 7 





JAMES BOOTH AND COMPANY LIMITED & 
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smooth controlled 
power in industry 


The Fraser Mono Radial hydraulic pump is a positive 
displacement plunger type which combines high and 
low pressure outputs resulting in high speed 
operation with economy in power. The range 

of standard pumps includes constant 
high pressure delivery, automatic 
and independent low and high 
pressure deliveries and infin- 
itely variable delivery 
pumps. Standard pres- 
sures range up to 


6,000 p.s.i. 


MONO-RADIAL HYDRAULIC PUMP 


ANDREW FRASER & CO LTD 


29 BUCKINGHAM GATE LONDON SWI! PHONE VICTORIA 6736-9 
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The Sta 
Kippcast 
today. 

parts at 
to 1} Ib: 


Manuf 


WM. 


Phone: 
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STEELS 


“Everywhere for every wear.” 
Specify Nitrided Nitralloy Steel for 
maximum surface hardness with maxi- 


mum resistance to fatigue. 


LIMITED 
SHEFFIELD 4 


Nitralloy, Sheffield. 


NITRALLOY 
ATLAS WORKS : 


Telephone: 26646 Sheffield Telegrams: 





GREATER 
PRODUCTIVITY 7 


. . . without 
planning 


But in Se 
Industry .. a! 


= 
= 
a, 






to increase production of commodities 
essential to the nation’s livelihood, 
every working hour, minute, second 
must be carefully planned. Time and 
motion study helps to that end, and 
PRESTONS specialised STOP-WATCH 
SERVICE helps these experts, with 
accurate precision instruments and 
efficient maintenance with M 


OUR IMMEDIATE 
REPAIR SERVICE 


giving immediate attention to 
your most urgent needs in double 
quick time . . . yet with the care 
and craftsmanship vital to such 
precise instruments. ALSO by 
periodically stripping, cleaning and 
expert oiling by our “‘ Maintenance 
Service ’’ your Stop-Watches will 
gain added life. 








@ We have a fine range of all types 
of Swiss Stop-Watches, including 
Wrist-Stop-Watches. 


WRITE OR ’*PHONE FOR ALL OUR STOP-WATCHES 














OUR ILLUSTRATED CATA- ARE TOP-QUALITY SWISS 
LOGUE AND PRICE LIST.| JEWELLED LEVERS—AND 
GUARANTEED. 
PRESTONS LTD _ STOP WATCH— 
BOLTON EST. 1869 LANCS. — SPECIALISTS 














The Standard Kippcaster Model 215. 
Kippcaster is the most popular diecasting machine built 


The Fully Pneumatic 


It produces high quality Zinc, Lead or Tin Alloy 
Capacity up 


today. 
parts at a higher rate of speed and lower cost. 
to I} Ibs in Zinc. 


Manufactured in England by: 


WM. COULTHARD & CO. LTD. 


DURRANHILL ROAD 
CARLISLE - ENGLAND 
Phone: Carlisle 21418 Grams: Kip Carlisle 
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_ THE COULTHARD MADISON-KIPP 


RANGE OF PRESSURE DIE 
CASTING MACHINES FOR 
ZINC LEAD TIN ALLOYS 


THE GIANT KIPPCASTER MODEL 500. _ For 
Larger Zinc, Lead and Tin Alloy parts. Capacity 
up to 3} Ibs. in Zinc. 


The Fully Automatic Model No. 4 Machine. 
— still larger parts. Capacity up to 25 Ibs. in 
inc. 


Al 
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~ AIRBREAK SWITCHGEAR 


15 MVA to 30 MVA 
400 Voit to 660 Volt 









































One of seventy multi-tier 
switchboards for controlling 
auxiliary supplies at the 
Uskmouth Power Station. 
Full particulars given in 
Technical Description No, 405. 





THE GENERAL ELECTRiC COMPANY LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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YOU CAN DEPEND ON 


PROPELLER FANS 







The range of G.E.C. 
Propeller Fans is varied and 
comprehensive. This 12” 
model displaces air more 
quietly and at less cost than 
fans with narrowor flat blades. 
Air movement 1120 c.f.m. at 
1350 r.p.m. For full details 
send for publication V 968. 





THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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B.0.¢ ARGONAUT for 
continuous welds on Aluminium, 


Stainless Steel and Bronze... 





* WITH AUTOMATIC 
ELECTRODE FEED 

* AND SELF- 
STABILISING ARC 

*IN ANY POSITION 





GONADS 
(e x) 
© J 


O 
ONG PROS 
“satya a 


The gun, with casing for the shielding gas, The Argonaut process can also be used 
wire feed and welding cables attached. for the CUTTING of Aluminium. 
The gas nozzle is quickly detachable for 

replacement of the copper contact tube 


through which the electrode is fed to ASK YOUR NEAREST B.O.C BRANCH 
the work. FOR FULL DETAILS 


| 
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This new process is vitally important to all firms concerned 

with quantity welding on aluminium and other light 

alloys, stainless steels and bronze, and the welding 

together of different metals, in plate from -3-” up to 

any thickness. 

Our leaflet will tell you: 

— how the electrode wire is fed automatically to the 
torch nozzle 

— why no flux is required 

— how the argon shielded arc is self-compensating for 
irregular torch movements 

— how this speedy process welds up to |-inch thickness 
in One or two passes 

— how your operators can achieve high quality welds in 
a very short time. - 


The simplicity and convenience of 
the Argonaut gun is well shown in 
this picture, where the operator 
is welding in the overhead 
position. 


The Argonaut unit complete with associated 
equipment including Mark IIIE welding 
gun, carriage unit and CDR425 rectifier. 


2 BEA YEMER RE DORI TONE PANEER, LM AAR TET ON 


60) THE BRITISH OXYGEN CO LTD 


DECEMBER, 954 Vclume 15, No. 12 


LONDON & BRANCHES 


AS 














To facilitate increased production 
of beet sugar at the Kidderminster 
and Poppleton factories of the 
British Sugar Corporation Ltd., 
a complete re-planning of the 
L.T. power and lighting distri- 
bution schemes was_ recently 
undertaken. This work, involv- 
ing the erection and jointing of 
some 4,000 yards of Ediswan 
paper-insulated mains cable in 
each factory, was designed and 
carried out by the Cable Contracts 
Department of The Edison Swan 
Electric Co. Ltd., in association 
with the Corporation’s engineers. 
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THE EDISON SWAN ELECTRIC COMPANY LTD., 155 Charing Cross Rd., London, W.C.2 


Member of the A.E.I, Group of Companies 
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Keeping a column of air vibrating inside eleven feet of tubing 

calls for a considerable technique. But the player’s worries do 

} not end there. He has moreover to operate three valves, change 

‘* crooks ’’, read music, turn the pages, follow the conductor and 

somehow dry out the thing when he’s not blowing. After all 

this it comes as a shock to realise that the fundamental tone of 

a French horn is all but unobtainable, and — from a musical 

point of view — no good when you’ve got it. The fundamental 

tonal qualities of Dunlop Hose are equally disappointing — 

blown down it produces a sound of no musical value whatsoever. 

Consequently rarely seen in the better class orchestras, it plays 

} an important part in better-class industrial, mining and build- 

ing installations. Engineers in tune with the times should write 

for illustrated brochure and, of course, technical assistance is 

always gladly given by Dunlop Rubber Co., Ltd. (General 

4 Rubber Goods Division), Cambridge Street, Manchester 1. 
Telephone: CENtral 2131. 


DUNLOP #wFoseE FOR INDUSTRY iii 








vt Dunlop makes things better for everyone 





| ac/H3ac 
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Taking no chances... 


us 
Le a” |} 
WIEN | 
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There’s nothing to be gained by 






under-estimating enemies that can’t 
be seen. It’s a wise production 
engineer who fortifies his position 
with every aid that modern science 
can muster and banishes the fear 
of things going bump in the night 
or at other equally inconvenient 
times. People who are really well- 
armed use radiographic inspection to guard 
against hidden dangers and those whoare bang 
up-to-date choose Ilford Industrial X-ray 
films to make their weapon accurate as well as 
powerful. By the way, the ILFORD booklet 
‘X-ray Films, Screens and Chemicals for 
Industrial Radiography” is a treatise in 
miniature on this important branch of non- 


destructive testing. Write fora free copy today. 


‘ILFORD Industrial X-ray films 


ILFORD LIMITED - ILFORD - LONDON 
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A QUESTION 
OF MATERIAL 


3 Materials for the protection of man at high altitudes, 
having to withstand sub-zero temperatures, must satisfy many requirements. 
j They must be wind-proof, water-proof, light in weight and extremely hard-wearing . . . and the 
development of such materials contributed to the success of the triumphant Everest expedition. 

In the filtration of lubricating oil too, vital questions of material are involved—and despite many claims 

for cheaper and so-called better materials, nothing has been found to improve upon the high quality 

felt fabric used in the famous Vokes filter. Vokes believe that, for complete engine protection it is 

essential to filter a// the oil, a/J the time—and only with a fabric element is this really practicable. Firstly, 

if the filtering element offers high resistance when the oil is cold, then the engine will be fed with 

unfiltered oil for a dangerously long period. The Vokes fabric element avoids this because it offers filtration 

not just on the surface plane but to a predetermined extent into the depth of the fabric itself, 

thereby ensuring a slower build-up of surface sludge than is afforded by any other filtering medium. 

Only a VOKES filter, by its unique design and flow principles, ensures no recirculation of trapped 

sludge when the direct-flow device is in operation, even under extreme conditions of service. 

Finally, only a fabric medium is truly cleanable—yet another important reason why 

Vokes lubricating oil filters offer the maximum 
protection at minimum long term cost. 


WOKES 


Pioneers of scientific filtration 







VOKES LIMITED - GUILDFORD - SURREY 
Represented throughout the world 


| via 
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A =~ ROLLING 
SHUTTERS DOORS 


the doors commanding the world’s largest sale 


on land and sea 
































SS ee “4 
LONDON TRANSPORT. Bank of twelve electrically THE “PACIFIC NORTHWEST ” is a new ship of the 
operated steel shutters fitted at the London Transport Furness Withy Line] serving Manchester, Vancouver and 
Board’s depot at Hainault. Pacific ports. She is a 10,000 ton ship and the Brady 





wood shutter is fitted on the bar. 


G. BRADY & CO. LTD. MANCHESTER 4 Telephone CoLiyhurst 2797/8 


LONDON New Islington Works, Park Royal, N.W.10 IB eg 
BIRMINGHAM Rectory Park Road, Sheldon, 26 ————— 


CANADA David C. Orrock & Co. (G. Brady & Co. Canada Ltd.) 
1405 Bishop Street, Montreal 25, Que. SS 
and also at 23 Scott Street, Toronto, 1 Swe. 


U.S.A. G. Brady & Co.Ltd.,11 West 42nd St. New York 18,N.Y. 


NORWAY An Thorbjornsen, Kongensgate, 14, Oslo we shutter the world 
And also at Cape Town 


MANUFACTURERS OF BRADY HAND AND POWER OPERATED LIFTS 
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.. AND ON THE 


PERKINS 
DIESEL ENGINE 








MORE PARTS OF PERFECTION 


Sandwell castings are renowned for their 
precision and high tensile strength, and are 
incorporated in many of the best known 
products throughout the engineering world, 
including the Perkins P3(I) Pedestal Mounted Bee 
Industrial type Diesel Engine. Where only 

the best castings will do, call in Sandwell — ; 
our specialised knowledge and experience are gal 
at your service at all stages from the blueprint Bee 
to the finished product. 






f the 
' and 
srady 









* Specialists in the production of the finest 
quality Sand Castings, Gravity Die Castings 
and Pressure Die Castings in all Light Alloys 
and Non-Ferrous Metals by the most modern 
methods. 


THE SANDWELL CASTING CO. 


BANK STREET FOUNDRY, WEST BROMWICH. Telephone : STOnecross 2231 (4 lines). Telegrams: ‘“‘ REPCAST,”” WEST BROMWICH. 
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Is vour problem smoke ? | then 
e/ P 

pce | 6 call 
in 





LODGE-COTTRELL 


This Lodge-Cottrell Electrostatic 
Precipitation Plant at the Steel 
Company of Wales, Margam, is one 
of many similar installations suc- 
cessfully solving dust and smoke 
problems in steelworks and _ blast 
furnaces throughout the world. 

323 Our Advisory staff will gladly 

i discuss with you your problems 


and suggest the best way of solving 


them. 


THIS PLANT CAN CLEAN 
16,000,000 CU. FT. OF BLAST 


FURNACE GAS PER HOUR 


TO WITHIN GUARANTEED 
LIMITS OF 0:004 GRAINS 


CU. FT./N.T.P. 










PIONEERS AND 

SPECIALISTS IN 

ELECTRICAL 
PRECIPITATION 


thm 


Kelle] treesai iam LTD., GEORGE ST. PARADE, BIRMINGHAM, 3 Tel: CENtral 77/4 (4 lines) 
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120 MW from each 
boiler at 


= 
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ICL boiler plant at this generating station will provide even 
more advanced steam operating conditions for the British 
Electricity Authority. Drakelow ‘B’ will produce the highest 
unit MW output yet scheduled. 

Boiler unit coupled to turbo-alternator of 120 MW has an 
output of 860,000 lbs. of steam per hour at 1,600 p.s.i. and 
temperature of 1010 F. Single stage reheat cycle raises steam 
temperature to 1005 F. after expansion through H.P. turbine. 





} . = s s 
| Up goes efficiency with | equipment 
INTERNATIONAL COMBUSTION LIMITED «- London Office: Nineteen Woburn Place, W.C.1 
Works: Derby, England; Port Elizabeth, South Africa; Sydney, Australia. ‘aaa 
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9 secs. to drill eight holes! | 


Oe 











This particular application shows a Model No. 19-150 The operator loads the parts in the machine, manually 
Drill Unit utilised in an automatic machine of clamps it and depresses the cycle start button. The 
drill unit then rapidly approaches to the work, drills 
the first hole, automatically rapidly retracts, the 
part indexes and then the drill unit comes in to drill 


very ingenious and versatile design to drill and 
countersink eight -107in. diameter holes in a brass 





control valve body. This machine exemplifies how the second hole, etc., until the eight holes are com- 
readily the Air Powered hydraulic drill unit pleted round the flange of the part. This entire 
can be electrically interlocked with other units for operation requires approximately nine seconds to 
sequencing operations. drill the eight holes. 


If you do production drilling, tapping, outside threading, chamfering, hollow milling, 
counter boring, reaming, centring, or spot facing, thereisareal probability you can make 
important savings through improved methods, using Delta Milwaukee Drill Units. 


MADE IN THREE SIZES 


CAPACITY OF UNITS: MODEL 19/150 FROM No. 80 to j,in. dia DRILL. 
MODEL 19/400 UP TO 3in. dia DRILL. 
19/600 UNIT UP TO lin. dia. DRILL. 


SEND NOW FOR ILLUSTRATED CATALOGUE 


Patent No, 710335 DELTA QUALITY MAKES THE DIFFERENCE 


and Patents applied for in all countries. 











Manufactured by :— 


1B) AYZO) NES) 5 00:02 s (OLOK) MRA (OF-0:9:CC) EO): 2.10) 2) FF 


GASTON E. MARBAIX LTD 2AATIERSEA, LONDON, S.W.11 


PHONE: BATTERSEA 8888 (8 lines) 
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ANNOUNCING 


Barnespriu KLEENALL UNITS 


IMPROVED 
COOLANT 
FILTRATION 











... the BARNESDRIL way 


Combines Magnetic Separation 
with Fabric Filtration 


. and CLEAN Coolants Give You 


@ /mproved Finish 


Longer Tool Life 
Increased Production 


Reduced Machine Wear 





PATENTED Nos. 603083 & 
31995/53, AND PATENTS 
PENDING. 


Better Sanitation 


All metallic sludge and abrasives are completely 
removed in Economical, Automatic Operation 
through rapid, double-cleansing action. Write for 
full information. 





FILTRATION DIVISION Manufactured by :— 
En 
GASTON E. 1 0: 8.8:7: 08,4 ) Fy BATTERSEA, LONDON, S.W.11 


PHONE. BATTERSEA 8888 (8 lines) 


DEVONSHIRE. HOUSE, VICARAGE CRESCENT, 
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BRITISH MANUFACTURED BEARINGS COMPANY LIMITED 


CRAWLEY, SUSSEX. 
SOLE SELLING AGENTS : B.M.B. (SALES) LTD., 2, BALFOUR PLACE, MOUNT ST., LONDON, W.1 


Phone: GROsvenor 3155 (3 lines). Gram: Britmanbea, Audley, London. Cables: Britmanbea, London 
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THE AUTOMATIC COIL WINDER & ELECTRICAL/EQUIPMENT CO. LTD. _ 
WINDER HOUSE * DOUGLAS STREET * LONDON S.W.I. lephone ViCtoria 3404—9 
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STANLEY HOWARD 
OFFERS 






Automatic 
is Koya yAes ane: BE 





















For high-speed grinding of 

single-sided flat surfaces. We 
The work is held and sup- aT 
ported against the face We 
of the grinding wheel by ou 
a rotary magnetic chuck. wo 
Automatic feed (hopper uni 
feed where possible). we 
wa 
! ~ ¢ ) ’ © O | an 
wo O ~ © by 
SPECIFICATION-— ates 
@ Grinding wheel, diameter, maximum _—24” cri 

@ Chuck, maximum diameter .. .. 25” 

@ Wheel-head motor ..  .. .. 20h.p. 

@ Maximum size of work .. approx. 6” 
STANLEY HOWARD L° ee een eee < 
75-76, EXCHANGE BLOS. for production estimates. 7 3 

STEPHENSON PLACE - BIRMINGHAM 2 
Tel: MIDand 6915 

JOE 
Al8 THE ENGINEERS’ DIGEST DI 











| 


| 
| 








© Underdriven Worm Reduction 


Unit fitted to 4 
machine bu 


wool textile 
ilt by us. 


Taking our 
own medclicine 


We’re as pleased as a Manchester man at 
a Test Match that hasn’t been rained off. 
We’re taking our own medicine — using 
our own Worm Units all over our own 
works. And we’re liking it, because these 
units are doing their various jobs so very 


well. Which is what you’d expect from the 





way we make them — on special machines 

’ MADE UP FOR YOU IN A FEW DAYS 
and from special metals, both developed A Standard Type Holroyd Worm Reduction Unit with a 
: stock ratio can be made up, packed and despatched to you 
by us during 50 years of Worm Gear within a few days. Special units or worms and wheels made 
to order take a bit longer. For information on our Worm 
manufacture. That’s the Holroyd pres- Units, and on new applications for them (like the machine 
in the illustration) drop us a line at Milnrow, Lancs. We'll 

cription for first-class Worm Units — be glad to help you all we can. 


Holroyd WORM REDUCTION UNITS 





JOHN HOLROYD & COMPANY LIMITED - MILNROW - LANCS - TELEPHONE: MILNROW 58322 
CRC 169 
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A leading hand.. 
In the provision of a wide range \ 
of Pneumatic Equipment adaptable 
to all branches of industry, Enots 
indeed hold the master cards. 
Equipmentincluding air cylinders, 
control valves etc., and in partic- 
ular the ‘‘British Bellows’’ Air 
Hydraulic Feed Unit manufactured 
by Geo. H. Hughes Ltd. has been 
the means of contributing in 
considerable measure to the 
increased output of many manu- 
factures at home and abroad. 


a 
aids to greater efficiency 


BENTON & STONE LTD., ASTON BROOK STREET BIRMINGHAM, 6. ENGLAND 
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THE GACO M.I. OIL SEAL 


The Scientifically Designed Oil Seal for Rotary Shafts. A Gaco Product. 


“HAIRLINE” LIP Ct 


ANGUS OIL SEALS 


GEORGE ANGUS & CO [TD 


FLUID SEALING ENGINEERS 
NEWCASTLE UPON TYNE, 6 
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And lastly—remember that Wickman Auto 
toolholders and attachments, and spare parts 
foo, are always available from stock. 









SK 


WICKMAN\ LIM IWED 


MACHINE TOOL DIVISION, BANNER LANE, COVENTRY. Telephone: Tile Hill 66271 








INDUSTRIAL SWITCHGEAR 


can be provided with 


varied cabling arrangements 





tig Type K4 pedestal mounted 
RF switch unit 


e type ““ KK” range of industrial switchgear has been 
igned for use on systems up to 660 volts and for normal 
rent ratings up to 1,200 amp. It complies with Factory 

Home Office Regulations and is eminently suitable for 
allation in situations where reliability and robust con- 
ition are essential. The oil circuit-breakers have been Pedestal Mounted Type 
ft-circuit tested to prove the rating to comply with the 
bropriate British Standard. All circuit-breakers are sub- 

ed to a series of routine mechanical and electrical tests to ALTERNATIVE | 
jure that manufacture is up to the required standard. CABLE BOX on e522, ie 

e “K” unit is of welded sheet-steel construction, POSITIONS > 
Mporating horizontal drawout, fully interlocked oil 
puit-breaker, the metalclad construction providing com- 
¢ enclosure of all connections. 
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Pedestal Mounted Type 





itchboard of type K4 
Medium voltage units 


erguson Pa Gdim = cimiteo for Switchgear 


Office & Works: HR. OPENSHAW MANCHESTER 11, Telephone : DROylsden 1301 (Pte.Branch Ex) 
DON OFFICE : Bush House, Aldwych, W.C.2 BIRMINGHAM OFFICE : Windsor House, 656 Chester Road, Erdington, 23 GLASGOW OFFICE : Central Chambers, 109 Hope Street, C.2. 
REPRESENTED IN PRINCIPAL OVERSEAS TERRITORIES 
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HACKBRIDGE AND HEWITTIC 


WALTON-ON-THAMES 
Telephone : Walton-on-Thames 760 (8 lines) 


ELEC TRIG: -CoO 
ee On. a a Gee 
Telegrams: * 


oo EIMITED 
iy ee ae 8) 
Electric, Walton-on-Thames” 
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for distribution and 
7 small power transformers 






DIGEST 





DE 





Come ech adem bibioharit-8e lett 


Tt 


™“d 


STA « 
WER 





BICC EARTHING EQUIPMENT 


a P. 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
21 Bloomsbury Street, London, W.C.|I. Telephone: MUSeum 1600 
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This Publication (No. 
335) contains more than 
thirty pages of technical 
information, tables, and 
illustrations covering all 
aspects of earthing, with 
a description of modern 
methods of testing earth 
resistivity. 


Write for your copy to-day. 













Having a hand 
in Productivity 







24,000 r.p.m. 
for a good finish 


A high speed routing machine cuts out 
complicated shapes—not only in wood 
but also in brass, aluminium and 
aluminium alloys. Not merely one 
piece but repetition work—every piece 
exactly the same, and every piece 
with a good finish; so good that no 
other operation is needed. And the 
time is generally measured in 
seconds. Compare this with the 
time and cost of other machining 
methods or with the cost of press 
tools: productivity is the word for 
the high speed router, but it is 
only one of the aids 
to higher productivity 
that Electricity 
can bring you. 















The British Electrical Development Association 


2 Savoy Hill, London, W.C.2 
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IN EVERY INDUSTRY OR TRADE, electrical 
equipment is the key to modern pro- 
duction methods. There are probably 
more production-boosting and money- 
saving devices than you know of. Your 
Electricity Board can help you and give 
you sound advice. 

They can also make available to you, on 
free loan, several films on the uses of 
electricity in Industry — produced by the 
Electrical Development Association. 

E.D.A. are publishing a series of books 
on “ Electricity and Productivity ’’. Four 
titles are available at the moment; they 
deal with Higher Production, Lighting, 
Materials Handling, and Resistance Heat- 
ing. The books are 8/6 each (9/- post free) 
and the Electricity Boards (or E.D.A. 
themselves) can supply you. 


Electricity 


a Power of Good 
for PRODUCTIVITY 
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COSSOR presents Model 1052 
double beam oscillograph 


Two similar amplifier channels with an 
approximate gain of 2000 and an upper 
frequency response of 5 megacycles 
(—6DB) are features of this new 
Cossor Double Beam general purpose 
oscillograph. The repetitive or 
triggered time base has a sweep 
duration from 200 milliseconds to 

5 microseconds. 
The instrument will operate from 
power supplies of any of the various 
frequencies and voltages en- 
countered in the Armed Services 
or from standard civil supply mains 
Full-scale production of this instrument now 
enables us to announce a reduction in price. 





_— 








Fi 
and Model 1433s ‘| 
voltage calibrator 


Primarily designed to be used with the Model 1052 \ / 
oscillograph the Cosser Voltage Calibrator Model 1433 

provides an accurate means of calibration ofinput voltages of’, f 

to the plates or amplifiers of any oscillograph. Calibrating a 

voltages are read directly from a wide scale meter without — 

any computation being necessary. Measurements can be made 

to an accuracy of — 5°, and the instrument can be used in any 

application where a source of accurately-known voltage is required. 


C i N\ \\ () R SECTRONIC INSTROMENTS (Os 


Write for illustrated leaflets about both of these instruments H 0 $ S 0 R 
A. C. COSSOR LTD., INSTRUMENT DIVISION, DEPT 4, HIGHBURY GROVE, N.5 








Tuses @ 


Telephone: CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone, London, Cables: Cossor, London Vv A L y £ $ 
C.1.56 = 
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Cerrobend is an ideal loading medium 
for tube and section bending. It has a 
melting point (160 F) less than that of 
boiling water. It expands on solidifi- 


cation and thus enables the thinnest 

tubing to be bent to small radii as \ 
though it were a solid bar. Full technical 

data will be sent on request. 


Low-Temperature Melting Non-Shrinking Alloys 


MINING AND CHEMICAL PRODUCTS LIMITED 


86, STRAND (Ist Floor), LONDON, W.C.2. Telephone: TEMple Bar 6511 (3 lines) 
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Fisholow Unit Construction Platforms will solve 
your difficulties. The Unit Construction Plat- 
form provides a second floor, thereby practi- 
<> cally doubling the area available. 








UNIT 8 simple interchangeable components form the 
CONSTRUCTION ..- structure, which can be assembled with the 
greatest ease—using only a spanner and a 
PLATFORMS hammer. Any of the wide range of Fisholow 

y g 


Please write for Publication No. 202, Flooring Systems can be used with the Unit 


which gives full details. Construction Platform. 


FISHER & LUDLOW LTD “A7ERIAL HANDLING DIVISION 


Also at London, Manchester. Cardiff. Glasgow Newcastle-on-Tyne, Bristol, Belfast and Dubin 
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... the name for good tools 


VEE BLOCKS and CLAMPS 


Matched pairs; in harden- 
ed and ground steel for tool 
makers or in cast iron for 
general use. 


by James 


1954 


Neill 


There’s a wealth of practical experience built into every ‘Eclipse’ tool. 
The need of the craftsman is considered in line with the usefulness of 
the tool at every stage of design and manufacture. The result is a series 
of well-made tools — each one comfortable and convenient in use and 
capable of giving many years of useful service. 


VEE BLOCKS 

In matched and numbered 
Pairs, in six sizes; seasoned 
castings, 90° vee accurately 
centred. 


& Co. (Sheffield) 


Volume 15, No. 12 


ANGLE PLATES 

A wide range of sizes avail- 
able in webbed-end, open 
end and box types. 


and obtainable 


SWIVEL ANGLE PLATES 


Low over-all height, swivel 
bolts inset to permit end 
use. Calibrated scale for 
indexing. 


from all tool distributors 


U7/2 
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VERTICAL MILLING MACHINE 
with combined sliding and swivelling head . . 


This massive, powerful and versatile machine, with its sliding and 
swivelling head, makes light of heavy duty die and tool work at 
The Enfield Cycle Co. Ltd., Redditch. Table has reversible automatic 
feeds and quick-power traverse in all three directions. Speeds and 
feeds changed from front of machine. Direct reading dials. Twelve 
speeds from 29/520 r.p.m., or alternatively 36/638 r.p.m. Twelve 
feeds, 3} in. to 20 in. per minute. Quick and fine hand adjustment 
to spindle, which swivels through 90°. Table working surface 
53 in. x 144 in. 


JAMES ARCHDALE & CO. LTD., BIRMINGHAM, |6 
SOLE SELLING AGENTS: ALFRED HERBERT LTD., COVENTRY 
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Handley Page ‘ VICTOR’ (Photograph by courtesy of 
Messrs. Handley Page Ltd.) 


Churchill 


By their ability to maintain low limits at fast production rates, CHURCHILL Precision 
Grinders make an important contribution to the outstanding achievements of the 
British Aircraft Industry. 
The CHURCHILL Model ‘VXA’ 60in. by I65in. Vertical Spindle * 
Surface Grinding Machine with 30 h.p. motor drive to grinding wheel. 


THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH Nr. MANCHESTER 


Export Sales Organisation . . . . Associated British Machine Tool Makers Limited, 
London, Branches and Agents 





Home¥Selling Agents ...... Charles Churchill & Co. Ltd., Birmingham and Branches 


PRECISION plus PRODUCTION 


C632 
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** Newallastic”” bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 





POSSILPARK GLASGOW: N 
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Photograph by permission of 
Chubb & Son's Lock & Safe Co. Ltd. > 
























































reliable Springs by 


From the high precision spring 
required for a strongroom door to 
its simpler counterpart in a pad- 
lock, the right spring for the job 
is essential to ensure perfect per- 
formance. When your springs are 
designed and made by Salter, they 
are just right—not the cheapest 
obtainable but fit to work for ever. 


Yl. ll. lll. Whe lll: Ulli ddl. Ulla ek ae ey 


SALTER | 


Service to Engineers since 1760 
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Yj 


NN 


WW 


Wy 
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WW 


\s Wy 


We lle Ul We Uhl Wlle lll. Wille ttt ltt. ‘tlh 
A tradition of quality in craftsmanship and materials is embodied in every Salter spring 
— you can depend on Salter for the right spring for the job. 


Geo. Salter & Co. Ltd., West Bromwich 


M-W.34) 
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TWIST DRILLS 


OUTSTANDING /N APPEARANCE 
MATCHLESS IN PERFORMANCE 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 
SHEFFIELD ENGLAND 


DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCHANTS 
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may bring tears to the eyes of the jury—but something 
more than fine words and flowery phrases are needed when 
you are selling plastic mouldings to manufacturers— 
mainly those in the Electrical and Engineering industries. 
We mention these two in particular because the greater 
part of our extruding and compression moulding output 

is taken up by them . . . such things as switchgear 
panels, telephone and radio components and cases, 
control knobs, electric iron handles and so forth. 
Thousands and thousands of ‘em—and in all 
colours too! Our machines and presses are just 

about the most modern in the country: we can get 

to work immediately on receipt of your drawings and 

make the tools as well. Being a smallish ‘‘family’’ 
concern (about 150 employees) every enquiry that 
comes in and every job going through is dealt with 
or supervised by a director. Lastly. our interest 
in you won’t suddenly evaporate once we've booked 
-your order. Our reputation in other directions has been built 


uponreliability andservice—this goes forour Plasticside too! 


~ 
oventry J\[otor 5 undries 


owl 


COVENTRY MOTOR AND SUNDRIES CO. LTD. 
SPON END, COVENTRY. TEL: COVENTRY 64908 
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Avail yourself cf the For all position welding of stainless steels Nichrovick 
ee electrodes are easy to use, have good arc stability, and 
and vast research facili- . 
ne af te hee produce welds of smooth appearance. © A brittle slag 
organization. They eve formation simplifies de-scaling. Other applications include 
able to give advice on repairs to steel castings, welding high tensile steels, and 
the most suttable elec- hard surfacing where corrosion resistance is necessary. 
trode for any job. This is one of a wide range of Metrovick electrodes. 








METROPOLITAN -VICKERS 


ELECTRICAL CO LTD - TRAFFORD PARK «© MANCHESTER, 17 





Member of the AEI group of companies 


L/P402 
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JOSHUA HEAP & | | 


rE. 
GRAMS: HEA ASHTON UNDER-LYN! ci 
EAP, LIMITED. 








PHONE No: 4868 

















A MULTI-BULB MERCURY-ARC RECTIFIER 
PROVIDING POWER FOR A 1000kW STEELWORKS LOAD 


Brochure B.1590/1 — POWER RECTIFIERS and leaflet B.1750 describing this installation, available on request. 
ESTABLISHED 1882 


THE ELECTRIC CONSTRUCTION COMPANY LTD. 





TELEGRAMS : Head Office and Works: TELEPHONE 
ICG ELECTRIC BUSHBURY ENGINEERING WORKS WOLVERHAMPTON EXOK 
WOLVERHAMPTON WOLVERHAMPTON 21455 «7 Lunes) 


Manufacturers of Rotating Electrical Machinery, Switch and Control Gear, Rectifiers and Transformers, 2651 
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When you need 
a material pisscrai 
com bining RESISTANCE 


TO HEAT 


CHEMICALS 


all these | AND FATIGUE 
properties . 





MECHANICAL 
STRENGTH 





DIMENSIONAL 
STABILITY 


TO MOISTURE 
WEATHERING 
AND 
ABRASION 


answer is 


LAMINATED IMPREGNATED DENSIFIED 


USED FOR E.H.T. Switchgear, Transformers, Generating Machines, 
L.T. Distribution and Fusegear, H.V. Overhead Line Equipment, 
Silent Gears, Railway Insulating Fishplates, Textile Machinery Parts, 
Aircraft Jigs and Tools, Spinning Chucks, Washing and Grading Screen 
Hangers and Connecting rods, Chemical-resistant Structures and 
Components, Fume-hoods, Filter press plates, etc. 


Write for data book CF. 93 to: 


PERMALI “P LIMITED 


GLOUCESTER . ENGLAND 
Telephone : 24941. 





THE ENGINEERS’ DIGEST 





<6 ciate saa 
aR ere + Aa PS, ete tg 





~ 
Re a 
is ARCH 














HEEEARSONS CHAIN COMPANY 
SmmEEO URPORT-ON-SEVERN, 
UO RCESTERSHIRE. 


Look for the Trade Mark: 
“High Test”. 
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Kk. Furnsenl/ 


The increasingly important Arc We'ding process requires 
Argon of exceptionally high purity especially for constant 
speed machine welding, for titanium and its alloys. 
aluminium magnesium alloys, etc. 

All SATURN ARGON is produced at least 99.99%, 
pure, and is bottled in two grades :— 

Under the BLACK LABEL, in individually tested 
cylinders of guaranteed purity of 99.99% or over, 
precisely stated on the label. 

Under the RED LABEL, SATURN ARGON is bottled 

in the usual way for normal welding quality not 
requiring specific guarantee. Both qualities are 
completely moisture free. 


A complete range of the ‘atest 
Argon Arc Welding Plant, Torches 
and accessories is supplied by 
RAINVILLE ENGINEERING Co. Ltd. 


A member of the Saturn Group. 
Service and maintenance 
Use PYROGAS and SUPER-PYROGAS at all Saturn branches. 


for cutting, heating, brazing and metal spraying. 


SATURN INDUSTRIAL GASES LTD., 


D hire House, Roehampton Lane, London, S.W.15 PUTney 7742 











Branches: Birmingham - Glasgow - London - Lymington (Hants) - Manchester - Sheffield - Sunderland - Thornaby-on-Tees 
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| had to be weld-fabricated in ten 


| Injust over three weeks welding operatives of BECA (Engineers) 











A mild-steel tail gas chemical stack 


movable sections which would have a 
total erected height of 100 feet, and 
it was absolutely essential that every 
weld should have 100% deep pene- 


trating quality requiring a minimum 





amount of grinding, so that the stack 
could be lined flush with solid rubber to resist 


corrosion. 


Limited of Ellesmere Port completed the fabrication of this exacting 
contract to the entire satisfaction of their clients, the Cabot Carbon 
Company, Stanlow — using Multiweld O.V. exclusively. | 
Like BECA, many companies are changing to this new versatile electrode, 
realising that MULTIWELD O.V. will produce deeper penetrating welds 
inthe overhead, vertically upwards and downhand positions, with the 
same Consistency, and at the same time, give a first-class flat and smooth 
weld appearance without undercut and with a self-releasing slag that cuts 


down deslagging time to the minimum. 


AND THIS IS HOW MULTIWELD O.V. ARE PACKED... 
Like all Lincoln Electrodes, Multiweld O.V. come to you in a sealed moisture- 


proof and airtight metal container which keeps them absolutely dry. 


PLEASE WRITE to Dept. E 
at the address below 








ir Lincoln Ficld nee 
to demonstrate Multiweld O.V. 
in your works 


MULTIWELD 


British made /, 
by 


| world’s largest manufacturers of electrodes 
LINCOLN ELECTRIC CO LTD - WELWYN GARDEN CITY - HERTS + WELWYN GARDEN 920 


Gites 
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WALKER, CROSWELLER AND CO. LTD. CHELTENHAM Leonatd 








This is the Leonard “T” Type Thermostatic Steam Water Heater. 
It provides abundant hot water from tepid to very hot— instantly and 
cheaply. It is simply connected to the steam line on the one side and 
cold water supply on the other. Then....turn on your hot water. As 
long as there is steam there is hot water, at any temperature you wish. 
It is widely used in Laundries, Tanneries, Textile Mills, Breweries, 
Dairies and other Food Industries, Tinplate Works, etc. 

Leonards save water, heat, fuel, piping, time, trouble —they soon 

save more than their cost. 





Leaflet No. 24/S will bring full particulars 
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If you need any kind of flexible tubing or hose, make use 
of this entirely new service to industry. At our London 
showrooms you can see samples and installation photo- 
graphs of hundreds of different flexibles. We supply all 
types for steam, air, oil, water, and chemicals, at the 
right price—and in many cases directly from stock. 
Write, ‘phone or call—or if you prefer, our repre- 
sentative can come and discuss your problem personally. 


jo" Compofiex 


FLEXIBLE TUBING & HOSES 





Compoflex Company Limited. Factories at 
Oldham and South Wimbledon. 


| If save swe flexible’ 


answer—you ll find it at 
| 26 Grosvenor Gardens, S.W.| 


Y ’Phon>: SLOANE 6185 (3 lines) or 5109 (2 lines) 
Northern Sales Office : Huddersfield Road, Oldham 


Write now for 
««Compofiex Flexible Tubing & Hoses” 
our new descriptive brochure which includes 
Phone: OLDHAM-MAIN 8114 


WW'l G( 





GAS AND AIR HOSE SUCTION AND DELIVERY 
_ HOSE: METALLIC FLEXIBLES ‘RUBBER FLEXIBLES 


Yi ff MW VW Wwwmm[mnmn SPECIALS: FITTINGS & CO'JPLINGS ‘ COMPOTAPE 


G 5B 
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For gears up to 4} in. dia. and { in. face, 
and racks up to 6 in. long. 


Reasonably short delivery dates are offered. 
* “* Machinery Lloyd.”’ Reprints of this Report available on veauest to. 
Ww-E- SYKES LTD 
STAINES » MIDDLESEX + ENGLAND 


Telephone: Staines 4281 (6 lines) Grams: ‘Sycutter Staines’ 


EXTERNAL 
HELICAL 


EXTERNAL 
SPUR 


INTERNAL 
SPUR & 
HELICAL 


INTRICATE 
FORMS 


THE ENGINEERS’ DIGEST 
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THE QUICK CHANGE 


GEAR wil ae. ne 




















Weigh the facts up carefully— 
“ Crowthorn ” 15” Centre Lathe 
HEADSTOCK : Main spindle mounted on Timken bearings, with a speed range of 7 to 300 r.p.m. 
or higher if required, admitting a 44” dia. bar ; fully automatic lubrication. 
QUICK CHANGE GEARBOxX giving a wide range of feeds and screw-cutting pitches; auto- 
matic lubrication. 
APRON of heavy, double wall construction ; all controls interlocked ; pump lubricated. 
SADDLE fitted with sturdy four-way turret toolpost. 

Schlesinger limits throughout. 


OA ARMRM M yyy Send for full details. 
P peas 18” model also available. 
cROW|HOR! CROWTHORN ENGINEERING COMPANY LTD, 











REDDISH - STOCKPORT ‘ ENGLAND 
Phone: STOCKP: T 2067 G ss: CROWTOOL REDDISH 
HIGH CLASS MACHINE TOOL MAKERS 0"° STOCKPORT 206; —_ 
C.L.61 
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Use your existing spray gun 
when applying 


¢ HOLDENS 


coat 
stoving 


¢hammer finish 


Convection or 
Infra-Red Baking 


ARTHUR HOLDEN & SONS LIMITED 
BORDESLEY GREEN ROAD, BIRMINGHAM, 9 
Telephone: ViCtoria 2761 (5 lines) 
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that!-tn the Boss's Time? 


Siesta in the Factory? Well, that would be 
one way to reduce fatigue. But it would not 
increase output. 

The better answer is to make sure that correct 
seeing conditions prevail in the workshop. Even 
though there is good lighting, the right colour, 
used in the right place, will improve seeing. The 
result will be a reduction in eye tiredness and 
therefore in fatigue ; an improvement in morale. 


COLOUR 
CONSCRIPTIgy 


hor Indus}, y 





BRITISH PAINTS LIMITED 


PORTLAND ROAD, NEWCASTLE UPON TYNE 2 





Factories in which the simple principles outlined 
in “* Colour Conscription” are applied have noted 
a drop in absenteeism, a “ plus”’ in production. 
Workers and Management ai// benefit when 
colour is correctly applied. 

And since it costs no more to use the right 
colour in the right place than it does to paint in 
the usual negative way, “Colour Conscription ” 
is well worth reading, well worth investigating. 


» 
Complimentary copies of ‘* Colour e 
Conscription” are available to e@ 
principals. A charge of 10/6 will e 
be made to others. 2 

’ 

* 
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RIGIDLAP 


DUAL 
PURPOSE 


LAPPER 


Employed asa lapper the mass- 
ively constructed Rigidlap 
produces components with 
uniform super-quality finish 
up to a maximum size of 





2}3”7". According to size, 
large quantities of pieces can 
be lapped simultaneously and 
to such accuracy that selective 
assembly is virtually elimin- 
ated. 


SURFACE 
GRINDER 


Numerous installations of this 
machine are now effectively 
employed for quantity surface 
grinding of small, thin com- 
ponents. Both sides being 
ground at the same time, dis- 
tortion is obviated and ex- 
tremely accurate finishing at 
high production rates is guar- 
anteed. 


A PRECISION PRODUCT OF 
The NEW ALL ENGINEERING Co. Ltd. 








Sales organisation of the 


Write for illustrated brochure to Newall Group 


TA JN lc fo) O) RY VEST ioe of Companies 


PETERBOROUGH Phone Peterborough 3227-8-9 
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FORD DIESEL INDUSTRIAL ENGINE 


developing 34.5 B.H.P. at 1500 R.P.M. (12 hour rate). 


THE NEW FORD-MADE DIESEL ENGINE Offers diesel advantages at lowest ever cost. It is 
fitted with mechanical governor. conforming to B.S. 649, for use with all types of 
generating plant. and is also suitable for a host of other applications, including 
Marine Conversions. It is, of course, backed by the incomparable Ford Dealer 
Service. 


Full details of this engine and its applications are obtainable from 
INDUSTRIAL UNITS DEPARTMENT 
FORD MOTOR COMPANY LIMITED 





DAGENHAM - ENGLAND 
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ttycdrautic 
DYNAMOM ETERS 


NY 


are made in a wide range of sizes from small Dynamometers 
to complete Engine Test House equipment. 


A lifetime’s experience has brought improvements and refine- 
ments which make our products the accepted standard of 


-B.H.P. measurement. 


Illustration shows a group of Froude Dynamometers 
at the Tyburn Road Works of Birmingham City 
Transport. 


(The names ‘Heenan’ and ‘Froude’ are Registered Trade Marks of the Company). 


HEENAN & FROUDE LIMITED 
WORCESTER : ENGLAND 
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WIND TUNNEL 


IN THE MAKING 


Combined stiffening ring and support cradle, one of 
the components of the 22 ft. dia. x 50 ft. pressurised 
shell enclosing the 9 ft. x 8 ft. working section. This 
shell and other components of the Transonic Wind 
Tunnel for the Aircraft Research Association at 
Bedford are being 


Fabricated and_ site-erected by :- 








G. A HARVEY & CO. (LONDON) LTD., Woolwich Road, London, S.E.7. Telephone: GREenwich 3232 (22 lines 
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so many things... 








One ‘ENGLISH ELECTRIC’ product may be 
turned out by the thousand, another may take 
a year or more to manufacture. But whether 
it is a polyphase meter or a 30,000 kW steam 
turbo-alternator set (as shown here during 
erection in South Africa), every ‘ENGLISH 


ELECTRIC’ product sets a standard in its class. 








have made 


ENGLISH ELECTRIC 


famous 


Generating Plant—Steam, Hydraulic, Gas Turbine or Diesel. Transformers, Rectifiers, Switchgear and Fusegear. 
Industrial Electrification. Electric and Diesel-electric Traction. Marine Propulsion and Auxiliaries. Aircraft. Aircraft 
Equipment. Industrial Electronic Equipment. Instruments. Domestic Electrical Appliances. Television Receivers. 





THE ENGLISH ELECTRIC Company LIMITED, QUEENS HOUSE, KINGSWAY, LONDON, W.C.2 


Offices and representatives throughout the world 


P26 
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CHROMIUM PLATING REVOLUTION! 


ZERO.) 


| ad Eliminates mist and spray 
















































be from chrome plating solutions 
ike 
her 
se Reduces drag-out losses 
ng 
SH Pi O Yes, a minor revolution! 
ss. | ( A new surface-active additive, 
d Zeromist produces a thin foam blanket 
0) on the solution which stops mist rising. 
It reduces the surface tension of the 
solution, accelerates drain off, reduces 
contamination of rinse tanks, 
minimises stains. And it’s 
| Full technical details 6 0 () coungheniy alii 
in Bulletin Z.1. ( 
| Write for a oo 0 
copy —you can’t afford 
not to send for it if > 
you believe in progress. -” Efeo -Udylite ieee 
se ELECTRO-CHEMICAL ENGINEERING CO. LTD 





Netherby Queens Road Weybridge Surrey Phone: Weybridge 389! 


Associated with Electric Furnace Co. Ltd Electric Resistance Furnace Co. Ltd 











DECEMBER. 1954 Volume 15, No. 12 A57 





The World’s Most Efficient 
Gas Carburising System 
is by INCANDESCENT 
using “‘JETUBE”’’ Radiant Elements! 














Photograph shows 
simplicity of applica- 
tion of “Jetube” 
heating elements to 
pit type furnaces. 


Write for leaflet V.25. 





Photograph by cour- 
tesy of Messrs. 
Burman & Sons Ltd., 
Birmingham. 


THE INCANDESCENT HEAT CO. LTD. 


SMETHWICK - ENGLAND 


4/2F 
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You can't replace 
a worker's finger 


A moment of carelessness and a man loses a 
finger, not because there was no guard. but 
because the guard provided was awkward and 
obstructive. His fault, but you have to pay for it, 
in lost man-hours, idle machinery, and possibly 
; in hard cash, as well. “‘ ARMOURPLATE” Glass 
can often be used to overcome this risk. It is very 
strong and shock resistant, and it gives a man 


an absolutely clear view of the work in hand. 


you can fit 
an “ARMOURPLATE” glass guard 


Here is a typical example 


The *“ARMOURPLATE” Glass guard 
fitted to this sheet metal cutter is 
absolutely foolproof. It allows the 
worker to make a spot-on cut every 
time, and there is no risk whatever of 
injury, because the guard is fixed 
immovably in place. 





PILKINGTON BROTHERS LIMITED 


FOR FURTHER INFORMATION ON THE USE OF GLASS IN ENGINEERING, CONSULT THE TECHNICAL SALES AND SERVICE 
DEPARTMENT, ST. HELENS, LANCS. (ST. HELENS 4001),OR SELWYN HOUSE, CLEVELAND ROW, ST. JAMES S, LONDON. S.W.1 
(WHITEHALL 5672-6). SUPPLIES ARE AVAILABLE THROUGH THE USUAL TRADE CHANNELS. ““ARMOURPLATE ISA 
REGISTERED TRADE MARK OF PILKINGTON BROTHERS LIMITED. 
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Luoyds link castings and 


rmachinine... 


saves you time, transport and 





money, and guarantees a perfect job 


OnE of the great features of Lloyds foundry is that in addition to producing the 
castings, it is superbly equipped to machine them. The advantages are obvious—two major 
operations are centralised, valuable time is saved, and the customer is spared the expense of 
transporting rough castings to independent machine shops. 

Castings of up to 25 tons come within the machining capacity of Lloyds. Typical of the 
Company’s impressive machining resources is the Graffenstaden Horizontal Boring Machine. 
This machine is a*recent acquisition to the Machine Shop. It is of the most modern design, and 
some idea of its capacity can be gauged from the fact that it can bore to a diameter of 2 ft. 7} ins. 
and possesses a maximum spindle stroke of 7 ft. 10} ins. Among other interesting machines are 
the 16 ft. Craven Vertical Borers, and a 20 in. Craven Planer both of which are continually em- 
ployed in machining heavy castings. Send for your copy of Lloyds Craftsmen in Steel. Post free. 


Luoyvyds mew machine shop 
siwes you extra 
foundry serwice 


F. H. LLOYD & CO. LTD. +» PO. BOX 5 + JAMES BRIDGE STEELWORKS  - WEDNESBURY + STAFFS + PHONE DARLASTON 225 
A Print for Ind 


istry Ltd advertisement 
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The range includes the NEWBOULD Segmental Saw and special 
Alloy Circular Saws for cutting metal cold: KERAUNOS Super 
High Speed Steel and PAX Tungsten Hacksaw Blades: Hot Saws: 


Friction Saws: Bandsaws. Literature available on application. 


SANDERSON 


e metal cutting saws 





Write for details, stating your particular interest. 


Sanderson Brothers & Newbould Ltd. Attercliffe Steelworks, Newhall Road, Sheffield. 





Hacksaw blades - segmental saws - files - machine knives - alloy steel - Established 1776 


DECEMBER, 1954 Volume 15, No. 12 Aél 





The 





Hyc 


AAO SBR. | ESE 
— ected ie 7 : Prac 
ROSES on 
=~ The 





Cor: 


> | 
> Js - 


Fue! 





Icin 
Trai 
Irra 
New 
Clas 


New 








Saving up for a rainy day, as it were, is 
just one feature of the *M. & C. Service’. Apart 

from serving you daily with your 
‘bread and butter lines’ there'll come the 


day when you'll want ‘specials’ —and want them 





quickly. Then ‘M. & C. Service’ really 


comes into its own. Corn in Egypt indeed. 


cf MONKS & GRANE LTD the twist drill specialists 


BIRMINGHAM -. LONDON - MANCHESTER - GLASGOW 
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CONTENTS 








uge 
The Blue Pages . . a mn ts oe a a REVIEW OF WORLD ENGINEERING PROGRESS 
Hydrogen Embrittlement of a Titanium Alloy = << ——_— a 


504 | VOL. XV. No. 12 DECEMBER, 1954 


EDITORIAL AND ADVERTISING 
OFFICES : 
GREAT BRITAIN 
120 Wigmore Street, London, W.1 


Practical Assessment of Electrical Insulating Varnishes 





Theoretical Principles of Diamond Synthesis - << 


Corrosion Resistance of Cupro-Nickel Alloys Containing 


10 to 30°, Nickel .. “a Pe We - «~ oF fs 
Telephone: WELbeck 9357 & 6263 
Sintered Aluminium Powder .. Re e ~- A U.S.A. 
Wire-Drawing Technique with Highly Refined Steel .. 517 | 386 Medion Avena, New Tok 47, BOY. 


Telephone: MUrray Hill 2-8865 


Fuel Economy in Automobile Engines by Gas Admixtures to FRANCE 


Petrol ae a Ry. os es -. S 52 Rue Taitbout, Paris (9e) 
’ P bl f El ‘cal Cond is Telephone: Trinité 64-07 
Icing Problems of Electrical Conductors és 3 x 220 —— 
Transformer Insulation Power Factor a et wa Sa Via Gran Sasso N.28, Milan. 
nentioeed Pel hvl 595 Telephone: 208.741 
rradiate olyet. ene “ir eae ne a xs St ee 
aia Annual Subscription Rates : 
New Materials, Processes and Equipment .. wi xe “528 £2 2s. Od. in the Sterling area, $7.50 in 
Classified Ab _ the Dollar area. 
assine Stracts mas = on sak Si we 533 Printed in Gt. Britain by RoBERT STOCKWELL LTD., 
poses 5-13 Baden Place, London, S.E.1, and published 
News of the Month Pe ae re aie ee 537 monthly by the proprietors, ENGINEERS’ Di1GEst L1p., 


120 Wigmore Street, London, W.1. 


Technical books from P il TM A N 
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Pictorial Drawing for Engineers 


By A. C. PARKINSON, F.I.E.D., A.C.P.(Hons.), F.Coll.H., 
F.Inst.Mech., etc. In this book all types of commonly-used 
pictorial systems are described and their geometrical bases 
explained in simple terms. Their application to examples 
graded in difficulty is shown, and a series of exercises is provided 
to enable those who wish to do so to master the various tech- 
niques. 16/- net. 


The Design of Valves and Fittings 


By G. H. Pearson, A.M.I.Mech.E., A.M.Inst.F., A.I.Mar.E. 
This is probably the first book on the design of valves and 
boiler fittings. Profusely illustrated, it will provide the designer 
with a surer foundation for design than the rule-of-thumb 
methods often adopted. 50/- net. 


The Design of Dams 


By A. BourGin. Translated by F. F. Fergusson. Illustrated. 
45/- net. 

“‘ Altogether an excellent publication, which will prove a 
useful tool for the expert as well as for the student.”—JOURNAL 
OF THE INSTITUTION OF WATER ENGINEERS. 


Practical Jig- and Tool-making 


By RoBert S. CONNELL. This is a compact reference book 
devoted to the practical side of jig, tool and fixture design. 
A comprehensive selection of reference tables is included, and 
the book is well illustrated with line drawings and photographic 
plates. 12/6 net. 


For details of other books write to : 


Soil Mechanics Related to Building 


By JoHN H. G. Kuinc, A.M.I.C.E., A.M.1.Struct.E., and 
DEREK A. CRESWELL, A.M.I.Struct.E. Illustrated. 16/- net. 

“* This little book will be welcomed by those in the building 
and allied industries who require a simple introduction to the 
study of soil mechanics. The clear and informal style of the 
authors will commend itself to many, while the clear diagrams 
and very well reproduced photographs will enhance the value of 
the book.”-—COoNTRACT JOURNAL. 


Solution of Problems in Engineering 
Drawing and Projective Geometry 


By K. L. Jackson, M.Sc., A.M.I.Mech.E., A.M.I.P.E. 
10/- net. 
sae This book is intended primarily for students and 
apprentices, yet there will be many senior draughtsmen who 
will derive pleasure and benefit, from working through the 
problems in projective geometry.”"—THE DRAUGHTSMAN. 


Metallurgy of the Non-Ferrous Metals 


By W. H. DeENNIs, B.Sc.(Lond.), A.M.I.M.M. Based upon 
articles written by the author for various metallurgical and 
mining iournals, this is perhaps the only up-to-date British 
handbook on the subject obtainable. Well over 600 pages cover 
the metals roughly in order of their industrial production, giving 
first the source, secondly the operations concerned in the ex- 
traction from the particular mineral or minerals, and finally, 
the refining of the crude metal, and in the case of the major 
metals, their properties, alloys and uses. 70/- net. 





SIR ISAAC PITMAN & SONS LTD 


PARKER STREET, KINGSWAY, W.C.2 
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NEW! 


For polishing and foundry work. 


WET SEPARATORS 


(Patent applied for No. 9027) 





Airflo” pioneers yet another 
important advance in Dust 
Collecting technique— the new 
Wet Separator. The special 
advantage of this unit is that 
dust is collected outside the 
Collector. This makes the job 
of dust disposal the simplest 
thing in the world. Thus 
Collectors are always properly 
emptied and maintained in the : ee ee TRADE Mal 
most efficient condition with 
the least possible attention. 


an established success 
; the amazing P.V.C. Fan 


This is the fan that resists the chemical action of 
strong acids, alkalis and moist gases —this is the fan 
that has provided industry with the greatest step 
forward in chemical fume handling technique —this is 
the ‘Resista” Fan which you should know more about. 
We also supply P.V.C. Hoods and Ducting. 4 


“RESISTA” |,,, 
TRADE MARK r AN unb 


fum 











As specialists responsible for some of the largest ventilating and Im 

heating schemes in this country and abroad, as well as thousands - P 
of small installations, we cover the whole of this industrial field. 
Our engineers have experience of practically all factory conditions wit! 
—this experience means that every “Airflo’’ unit does a 100°, 
job with utmost economy, We invite you to consult us regarding 





YOUR needs now. colc 
We manufacture every type of Dust Collecting and Ventilating Plant — large or small. 2k 
® suit 
Industrial Fan & Heater Co Ltd 
o ° 9 
"WORKS, BIRMINGHAM, II phone: VICtoria 2277 
LONDON: WESTMINSTER BANK CHAMBERS, 42 HIGH STREET, BARNET. phone: Barnet 8250 PEF 


MANCHESTER: CITY BUILDINGS, 69 CORPORATION ST., 4 phone: Blackfriars 6918 
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TUFNOL | 


REGISTERED TRADE MARK 


An ELLISON Product 








TUFNOL BALL INSULATORS 
Made in “Kite” Brand Tufnol, combining strength and highest electrical 


insulation. Prices of one and two ton insulators include fixing eyes but 
other fittings can be substituted or two ball insulators may be coupled, 





For two Tons working load :— 


aii wa fl out nots: £4. e 5 *  ] 


carton 
No VW/ For one Ton — load :— 
verall le “a hap ok Whit. 
Pri arton of 10: £6.10 * ] 


e pe 


For + Ton working load :— 
rall len ngth | 54”, stems a = 
ane 6 eyes (}” dia 2. hole) a 
one — ce rust proof ste = 


available ) za.10.0 


rice pe 


nn een — 








TUFNOL 
BELL INSULATORS 


jj a 3 
Made in “Kite” Brand Tufnol- 
; ensile rea ing stress approx. 
= 9,000 Ib ; e for use in tem- 


pe ratures et up to 212 F. Alsoi 
he sp’ Brand Tufnol ; pot 
breakin me str x. 7,000 Ib ; 

temperatu fe O12 —392 F. 


oe ay d Tevsed ' « or + Whit. 3” dia. 
“ ~ we f ase. 
. - 1 Price per carton of 10: 


“Kite” £5. 0. 0] “Asp” '£5.10.0 





insti kh A 


L 


eV 





Tufnol i tors, practical 
ol insulators, p y — ania 
unbreakable, unaffected by oil, chemical BARREL INSULATORS 
: E For use either horizontally or vertically. 
i i 3 4 In “Kit * Brand Tu - ol for 
fumes or dilute acid spray. i = ye ice Grand Tetnod for wp 203212'F 


approx 8,000 Ib. 
Impervious to moisture, do not soften sop 


with heat or crack with extreme 
cold. Every insulator proof tested at 


2 kV. for one minute. All types j “Kite”, 23° dia. pooner or # Whit.) £4.50 
J “Asp”, 4 ( von » ) £4.15.0 


“Kite”, 1%” dia. tnened + or 3” Whit.) £3 .15.0 


suitable for working voltages of up to 660. 
g g P | — ..t. ... . ae 


“*Tufnol, “‘Kite’”’ and “‘Asp”’ are Registered Trade Marks of Tufnol Ltd. 


TUFNOL LTD. 


\ 
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* 
HO OVER DISTRIBUTOR SERVICE 


NaTION-WIDE distribution 
of Hoover F.H.P. Motors exists 
through the following distribu- 
tors. Any of them will welcome 
the opportunity of discussing Ni 
your requirements. 





AUTHORIZED DISTRIBUTORS: 














SAV 

ANDOVER HULL MANCHESTER ; 
Wm. Dibben & Sons Ltd. E.G.S. Co. Ltd. Hirst, Ibbetsoa & Taylor Ltd. i 
BELFAST IPSWICH NEWCASTLE f 
Hendron Bros. (Belfast) Ltd. Simpson, Baker & Co. Ltd. B.G:S. Go; Ltd: 
BIRMINGHAM KING'S LYNN Sun Electrical Co. Ltd. SAV 
The Donovan Electricai Co. Ltd. Eastick & Sons Ltd. NEWPORT, 1.0.W ; 
BxMG:S. Contd: LEEDS Wm. Dibben & Sons Ltd t 
BLACKPOOL E.G.S. Co. Ltd. NORWICH t 
Hirst, Ibbetson & Taylor Ltd. Sun Electrical Co. Ltd. Eastick & Sons Ltd. 
BOSCOMBE Seas ici aes SALISBURY 
Wm. Dibben & Sons Ltd. een eee Se meee Wm. Dibben & d. 

silence F Hirst, Ibbetson & Taylor Ltd. a nee cul 
BRADFORD SHEFFIELD j 
Herbert Smith (Bradford) Ltd. LONDON Ratcliff (Electric) Ltd. 

nae Acorn Machine Tool Co. (1936) Ltd., ne em SA 1 
BRISTOL W.4. SLOUGH 
Simpson, Baker & Co. Ltd. Alliance Wholesale Ltd., W.C.1 and Sun Electrical Co. Ltd. 
CARDIFF ci Cc | Electrical Co. L SOUTHAMPTON 
Simpson, Baker & Co. Ltd er td., Wm. Dibben & Sons Ltd. 
Sound Ltd. British Rawhide Belting Co. Ltd., W.1.; Simpson; Baker & Co. Ltd 
CROYDON Jeary Electrical Co. Ltd., E.C.1. STOKE 
Alliance Wholesale Ltd. G. E. Jones & Sons Ltd., E.10. E.G.S. Co. Ltd. 
DUBLIN BRP, Ltd., SaW.3.- SWANSEA 
Hendron Bros. (Electrical) Ltd. Refrigeration Spares Ltd., E.11 and Simpson, Baker & Co. Ltd. 
EXETER ae ‘onal Ltd.. S.E TORQUAY 
Simpson, Baker & Co. Ltd. ocke International Ltd., S.E.1. Wm. Dibben & S Led. 

. Sun Electrical Co. Ltd., W.C.2. nedmacsonti — 

FARNHAM | William Urquhart Ltd., S.W.17 and retasteinicagied 
Wm. Dibben & Sons Ltd. S.W.18. Sun Electrical Co. Ltd. 
GLASGOW LUTON WINCHESTER 
Scottish Precision Eng. Co. Alliance Wholesale Ltd. Wm. Dibben & Sons Ltd. 
GUILDFORD . MAIDSTONE WORTHING 
Sun Electrical Co. Ltd. Alliance Wholesale Ltd. Wm. Dibben & Sons Ltd. 


HOOVER LIMITED 


INDUSTRIAL PRODUCTS DEPARTMENT 


CAMB US tC AING - LANARK S-AIRE - SEC OTLANDE 
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HAND LETTERING! 





This new Vari-Typer adds lettering to plans, charts 


and drawings faster and neater than ever before. | 





SAVES MONEY 


Using the Vari-Typer Lettering Machine, your office 
typist or a junior draughtsman can prepare all the letter- 
ing on tracings, specifications and other work produced 
in the drawing office, leaving skilled draughtsmen free 
for creative work. 


SAVES TIME 


This machine is fast! At least four times faster than 
hand lettering . . . speeds up the drawing office output 
by eliminating its slowest operation and the bane of the 
draughtsman’s life—the tedious, time-wasting process 
of lettering by hand. 


CUTS ERRORS 


Because Vari-Typing is machine lettering, every letter 
and every figure is clear and distinct. Mistakes due to 
misreading of poor hand lettering are eliminated. 


INSTANTLY CHANGEABLE TYPE 


Two different type styles can be used in the machine 
at one time; hundreds of styles (including technical 
symbols) are available—each fitted with a flick of the 
wrist—in seconds. 


UNLIMITED SCOPE 


The unique changeable type feature of the Vari-Typer 
makes it ideal for the preparation of Specifications, 
Manuals, Booklets and Brochures of every description. 
Your typist can compose the type and prepare the 
master herself—think of the saving in cost and 
production time! 


TAKES ANY SIZE WORK 


Work of any size—even six feet or more—can be 
handled with ease in the Vari-Typer. 





FURTHER DETAILS AND DEMONSTRATION 


The performance of the Vari-Typer Lettering Machine cannot be adequately described on paper. A 
practical demonstration is necessary to appreciate exactly what it can do. Write or phone Vari-Typer 
Distributors (Great Britain) Limited, Aldwych House, London, W.C.2, HOLborn 2014, who will 
gladly arrange for a demonstration and give any further particulars. 












fF LETTERING —_ 


VARI-TYPER DISTRIBUTORS (GT. BRITAIN) LTD., ALDWYCH HOUSE, LONDON, W.C.2 HOL. 2014 
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BRASS: MANGANESE BRONZE 
GUNMETAL- PHOSPHOR BRONZE 


AND LEAD BRONZE 


» produced to strict 
Specification by 
laboratory and 
foundry control 













CREECHURCH HOUSE CHRONICLE BUILDINGS 


CREECHURCH LANE CORPORATION STREET 

LONDON, E.C.3 MANCHESTER, 4 

TEL. AVENUE 5341 EL. BLACKFRIARS 3741 
WORKS 

ST. STEPHENS STREET P 


+ 


















OWELL DUFFRYN HOUSE 
ASTON LIMITED precede STREET 
BIRMINGHAM, 6 SWANSEA 
TEL. ASTON CROSS 3115 ON A.I.D. APPROVED LIST TEL. SWANSEA 4035 
oa ve % 
} ~ 7 =) 
La Se 







/ THE BUILDING: 

| Single or Multi Storey 
THE FRAME :- 
Riveted or Welded 4 











iw 





yt amy 








uedhl 
ee ere 


i 4 me 


Bich nayp 








Better build it with 


BOOTH. $sreetwork 


—the most versatile structural 
medium . 





JOHN BOOTH & SONS (BOLTON) LTD., HULTON STEELWORKS, BOLTON 


Telephone: Bolton 1195 LONDON : 26 VICTORIA STREET, WESTMINSTER, S.W.1 Talephone: ABBey 7162 
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SOME OF 
THE 7,000 


COLT | USERS 


Whessoe Ltd. 

The Westinghouse Brake 
& Signal Co. Ltd. 

Vulcan Foundry Ltd. 

Victoria Carpet Co. Ltd. 

True Shapes Ltd. 

Talbot Tool Co. Ltd. 

South Eastern Gas Board 

Senior Bros. Ltd. 

Rest-Assured Mattress 
Co. Ltd. 

Reads Ltd. 

Puritan Tanneries Ltd. 

Platts Forgings Ltd. 

National Oil Refineries 
Lid. 

G. H. Norton & Co. Ltd. 

Mullard Radio Valve Co. 
Lid. 

Michelin Tyre Co. Ltd. 

Liverpool Printing & 
Stationery Co. Ltd. 

Lambhill Ironworks Ltd. 

Ind Coope & Allsopp 
Lid. 


H.P. Sauce Ltd. 

Ministry of Works 

Hercules Cycle & Motor 
Co. Ltd. 

Garringtons Ltd. 

P. W. Greenhaigh & Co. 
Lid. 


F. S. Fry & Sons Ltd. 

Firestone Tyre & 
Rubber Co. Ltd. 

Esso Petroleum Co. Ltd. 

English Sewing Cotton 
10. 

Dolland & Aitchison 

Davy & United Engineer- 
ing Co. Ltd. 

Calder & Mersey 
Extract Co. 

Carr & Co. Ltd. 

British Resin Products 
Ltd. 

Belling & Co. Ltd. 

The Bollington Printing 
Co. Ltd. 

Alloa Glass Works Co. 
Ltd. 


Aero Zip Fasteners Ltd. 

John Ainscow & Co. Ltd. 

George Spencer & 
Moulton & Co. Ltd. 

The Spalding Laundry 
Co. Ltd. 

Vantona Textiles Ltd. 

Northern Fireplace Co. 
Ltd. 

B.W.B. Cakes Ltd. 

William McEwan & Co. 
Ltd. 

Lastex Yarn & Lactron 
Thread Ltd. 

Thomas Hedley & Co. 
Ltd. 

Gridway Steel Construc- 
tion Co. Ltd. 

R. Paterson & Sons Ltd. 

The Associated Portland 
a Manufacturers 
Utd. 


Aygee Ltd. 
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New installation at 


WOLF 
ELECTRIC TOOLS LTD 


... one of over 7,000 major 


industrial organisations 


with natural ventilation planned by COLT 


The problem at Wolf Electric Tools was to 
Overcome unsatisfactory working conditions 
which prevailed during the summer months. A 
ventilation survey of the six shops concerned 
enabled Colt to formulate a fully controllable 
comprehensive ventilation system involving 
the installation of mechanical Inflow Units for 
air inlet, and natural Clear Opening Ventilators 
for extraction purposes. The installation of 


COLT 


the system has since proved to be an unquali- 
fied success. Colt’s wide experience in dealing 
with the ventilation of all types of buildings 
throughout industry is at your disposal. Why 
not take advantage of it? 


FREE MANUAL with full specifications of the 
wide range of Colt Ventilators, ts available on 
request. Write for Manual G18/1 


THE SPECIALISTS IN PLANNED NATURAL 


VENTILATION 


COLT VENTILATION LTD * SURBITON * SURREY «= TELEPHONE: ELMbridge 6511-5 


Also at Birmingham, Bradford, Bridgend (Glam.), Bristol, Dublin, Edinburgh, Liverpool, Manchester, 
Newcastle-upon-Tyne, Sheffield and Warwick. 
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precision 








Plating and polishing metal 

objects enhances their final appearance — 

but it cannot disguise flaws and 

imperfections of surfaces. Fortunately, 

this is something we have always 

known —* so we make sure that the surfaces of 
the castings we produce are perfect 

before plating and polishii.z. But whether we 


| 
4 
1 
l 
l 
1 

1 

{ 

or our customers do the plating makes 1 

i 

I 

I 

! 

4 

I 
j 
i 
5 





I 
I little difference. The techniques we 
i use in pressure die-casting and the 
| care we take in finishing ensure that the 
i final appearance could not be better. 
| It’s a point to remember when you need 
pressure die-castings in zinc or aluminium 
H alloy and yet another reason for 
f specifying Wolverhampton Die-Casting 
{ Co. Ltd. for this work. 
( 
1 
1 
1 
4 
\ 
\ 
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. + > MOU 
can rely on 


HARRIS 


TAPS + DIES * GAUGES 








Typical examples of 
pressuve die - casting 
before and after finish- 

\ ing are illustrated 
above. 






WOLVERHAMPTON DIE- CASTING 


PRECISION CASTINGS CO. INC. (US.A.) 


for precision 













THE WOLVERHAMPTON 10H N HARRIS | TOOLS LTD 








cna Die SCASTING COMPANY LIMITED WARWICK. phone: 1041 (4 lines) " 
I . 
a ne i : =o - : be md ‘ VERHAMPTON LONDON Sales Office & Stock Room: 5 Victoria St., $.W.1. phone: Abbey 37304549 5 J 
GLASGOW Sales Office & Stock Room: 74 York St., C.2. phone: CENtral 38 
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FASTER AND BETTER GRINDING RESULTS BY THE 
“TURBO” CENTRIFUGAL COOLANT CLEANER. 


Cooling and cutting oils as well as emulsions of soluble oil 
and water are used in turning, drilling, grinding and honing of 
steel. They are employed to draw the heat off the tool and the 
work and to improve the quality of the surface finish, and to 
wash away the chips and the abrasive particles broken off the 
wheel. If the cutting fluid which is circulated through the 
machine is to fulfil all these demands, it requires constant 
cleaning. Solid inclusions not only prevent the tool from pro- 
ducing a good finish, but also destroy the cutting edge, clog the 
grinding wheel and deprive the latter of its cutting ability. 





As oil flows through the “TURBO” Cleaner, solids are 
removed and the cleaned fluid flows into the coolant tank of 
the machine tool, from which it flows again uncontaminated and 
ready for re-use. Oil life is longer. Intervals between oil changes 
are longer. 





Four different sizes available : 


MU. 5 —Capacity 1} gals. per minute. MU. 52 —Capacity 12-13 gals. per minute. 
MU. 53 —Capacity 40 gals. per minute. MU. 51 —Capacity 100 gals. per minute. 
(for 2-4 independent Machines). Called Central station fully automatic. 


““ small central station.” 


Details from sole agents : 


G. ZWICKY (LONDON) LTD. 


34 South Molton Street, London, W.|! 
Telephone : MAY fair 5906 





THE ZWICKY-AMIET DRILL GRINDER 
This machine presents the following outstanding features :— 


1. Equipped with a patented pick-up device, directing mechan- 
ism and centering chuck for quick and absolutely concentric 
grinding of all types of twist drills from 0-012” to 0-24’ 
(0-3 mm to 6 mm) left or right handed. 


2. Centering accuracy less than 1/100 mm (0-0004”). 
3. Grinding time approx. 30 seconds. 


4. Special centering tongs and grinding wheel remain always 
in the same axial position. 





5. Requires only two chucks for the entire range of drills. 
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KNOWN THROUGHOUT 
THE AIRCRAFT INDUS- 
TRIES OF THE WORLD 


“26 












Please write for illustrated brochure SL/8 to 


HORDERN- RICHMOND (SALes) LTD. 


HEAD OFFICE: 
NORTHERN OFFICE: BARTON ARCADE, DEANSGATE, MANCHESTER. 


Telephone AYLESBURY 1100-1102. 


HY-DU-LIGNUM WORKS, HADDENHAM, BUCKS, ENGLAND. 


Telegrams : WINSTIX, AYLESBURY. 


“Hy-du-lignum” 


laminated compressed wood 


PROVEN 


FOR 
MECHANICAL 
PRESS TOOLS 


@ One-fifth the weight of steel. 
@ Low cost. 


Supplied as finished tools or in board 





Illustration shows “ Hy-du-lignum” Press 
Tool, used on DH 600 Clearing, Treble Action 
Press for 20 gauge mild steel Petrol Tank Body 
Pressings. Interchangeable Punches and 
Ejectors with common die and pressure plates 
to produce top and bottom body halves, 3ft. 
long x 10in. wide ~“ 8in. deep. Photograph 
by Courtesy of Morris Motors (Radiators) 
Limited. 





























Illustrated above is a photograph of « CURRAN Degreasing and Pickling Plant 
erected in Italy, for the processing of domestic utensils prior to vitreous enamelling. 





Write today for full details to: 


EDWARD CURRAN ENGINEERING LTD. Process Plant Division 








All types of Components 
Thoroughly Cleaned... 


The Curran Industrial Washing Plants are designed to 

take almost every size and type of component. Where 

special requirements are to be considered, our advisory 

service is prepared to investigate and suggest the most 

economical method commensurate with speedy pro- 
duction. 











PRE-TREATMENT PLANTS ) 
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“Silent Service for the Navy— 





J &B Insulation is pre-fabri- 
cated in many forms for specific 
purposes, e.g., Pelleted Mineral 
Wool as loose fill insulation for 
Ovens, cookers, water-heaters, 
refrigerators, food containers, etc. 


Rigid and Flexible Pipe 
Coverings for pipes of all 
diameters carrying cold or hot 
liquids, steam, oil, brine, re- 
frigerants, chemicals, etc.—and 
many other specialised forms. 


J&B Insulation is noted for 
its high efficiency and low in- 
stallation costs. Over 70 years 
experience is at your service. 


*““MINERAL WOOL 


These photographs of J&B Wire Netted 
Mattresses are published by permission of 
the Chief of Naval Information, Admiralty. 


Band for progressive Engineers, too!” 





PRE-FABRICATED in many forms, J. & B. Mineral 
Wool is absolutely safe to handle, and is easy and 
quick to install. 

Records, over the past fifty years, in- 
clude schools, factories, oil refining 
plant, and film and recording studios, 
etc., and indicate the reliability and 
permanency of J & B thermal and 
acoustic insulation. 








A variety of finishes can be applied to J. & B. Wire 
Netted Mattresses, Semi-rigid Felts, etc. 


THE PERFECT INSULANT Fireproof—Mould-proof—Non-corrosive 
— Water repellent — Economical — Inorganic — Non-settling. 


JONES & BROADBENT LIMITED 


PERREN STREET, LONDON, N.W.5 


Telephone: GULliver 2120, 5548/9 


AND AT BILLINGHAM-ON-TEES, SOUTHBANK (YORKS), BRISTOL, BURTON-ON-TRENT, LIVERPOOL, AND MANCHESTER. 





SPOT-ON.. 


Repetitive accuracy is within + 27. tim e 

Standard single operation timers, a 
ai after 

delay switches, and cyclic timers are 

all available for timing ranges up to tume 


5 minutes, from around £15. wit h 


Special sequence control panels tailor- 


made to suit the job. 








ELCONTROL 


Send for Data Sheets 





TRADE MARK 


ELCONTROL 


TIMER S 


or give us full details of the duty required. 


10 WYNDHAM PLACE, LONDON, W.1 AMBassador 267! 
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ENGINEERS’ 
CUTTING TOOLS 
IN 
“DOUBLE MUSHET’ 
HIGH SPEED STEEL 


Because of their consistently high standard of accuracy 
and performance, “ Mushet ”’ Brands of Engineers’ Cutting 
Tools, made from the famous series of ‘“‘ Mushet’ high- 
speed steels, are renowned wherever engineering takes place. 


Cutting Tools covers 
tools backed by 


The Osborn range of Engineers’ 
every machining operation — fine 
generations of experience. 


For long life and better production specify :— 
‘DOUBLE MUSHET’’ TOOLS 


OTHER TOOLS MANUFACTURED 
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Oll is the labour-saving fuel you 
can depend on. And, using the 


heavy grades, oil often costs less 
than coal hand fired. AA 


Wherever there is a 
boiler or a steam-raising 
plant there is a case 


























for oil firing. 
Nu-way have a ee 
wide experience to offer 


on all aspects of oil-firing. Write 
now for details of the Nu-way range and 
ask for a technical ea 

to call. 


Neway 


THE LEADING NAME IN OIL-FIRING 







Oe ae 








NU-WAY HEATING PLANTS LTD. 


(Box 148) DROITWICH. 
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That new hydraulic job 


“Oh, by the way, Joe, I’ve specified a Savery Pump 
and motor unit on that new hydraulic job. 


‘We'll find it a big saving all round, particularly 
on assembly, and it’s infinitely variable, so we shall 
save on control gear too. 


‘Apart from that, we know from past experience 


that we can rely on them to do what they claim 
they'll do.” 





THE SAVERY PUMP AND MOTOR UNIT 
(Fixed or Variable Delivery) 


lllustration shows one of our Variable Delivery Pump 
and Motor Units, complete with self-cleaning type filter. 


Write for further details to :— 


Thomas Savery Pumps 


LTD. 
BRACEBRIDGE STREET, BIRMINGHAM 6 
Telephone : ASTon Cross 1316 


HYDRAULIC PUMP MANUFACTURERS for 250 YEARS 
DECEMBER, 
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DSP 


‘B’ SERIES ANTI-VIBRATION 
MOUNTINGS 


FOR MEDIUM-WEIGHT MACHINERY, 
GENERATORS, PUMPS, COMPRESSORS, 
ENGINES, MACHINE TOOLS, ETC. 


The D.S.P. *B’ Series Mountings are designed to 
isolate a wide range of vibration frequencies in 
medium-weight machinery. 

The 6 sizes in the range and the large number of 
rubber compounds available for each mounting 
permit loads from 60 to 1,000 lbs. to be carried 
and frequencies down to §00 c.p.m. to be isolated. 
Alternative assemblies of the mounting enable a 
wide variety ot applications to be catered for. 

A complete range of D.S.P. Anti-vibration Mount- 
ings is available for the insulation of instruments 
and all types of machinery ; D.S.P. technicians will 
gladly advise on any vibration problem. 
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SPECIALISTS IN PRECISION RUBBER 
ENGINEERING 
Dunlop Special Products Limited (Engineering Compansnte Division), 
Fort Dunlop, Erdi Birmi 


Telephone: Erdington 2121 Extension 341 & 767. 
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We offer qoa.. I 


Aluminium Alloy, Brass, 

Copper, Steel and other . A 
metals notched, punched Si 
cold formed . . . and cut rn 


SECTIONS a 4 
Z P] 
Ltt. ACCURACY and — Z, 


2a Ee PGS aie 
OLDBU BR iy: MINIMUM. 
BIRMINGHAM 


Why not write to us for full details 


| | l 
ee 


announcing the new - 
[5 ton Hydraulic Press 


The new Pilot 15 ton hydraulic press is powered by a 4 h.p. 


Phone BROadwell 1541. 



















3-phase electric motor and has a daylight of 16”. 


The ram pressure is adjustable from one to fifteen tons and the 





press is operated by two foot pedals, the speed being controlled 
by the amount of pressure applied by the operator. 
All parts are easily accessible for maintenance and the whole unit 


weighs 10} cwt. and occupies 





a floor area of 17” x 34”. | 


cropping | 
The Pilot Hyd- 
| raulic Cropping 
Machine _ weighs 
only 5 cwt. and de- 
velops up to 17 tons 
pressure on the 
| shear blade. The 
| fully automatic op- 
eration, with foot 
control, gives a 


¢ £240 EX WORKS BOLTON | 
| 


£160 EX WORKS BOLTON } 











maximum — cutting 





RELIABILITY speed of up to 34 
AND ee cuts per minute. 
SERVICE ae 





PILOT WORKS LTD. (Incorporating M. EDWARDS & SONS) MANCHESTER RD., BOLTON 


Telephone : BOLTON 5545/6/7 Telegrams : TIPGEAR, BOLTON. London Office: 3 SOUTHAMPTON PLACE, W.C.I Telephone : CHANCERY aS 
4889 
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(ENTRELESS oe FIN 1SH 
uP LAPPING MACHINE 


A finishing process economical and super accurate. 


Super finish to 4—#? micro-inch 

from 4—7 micro inches (as ground) 

obtained in two passes by the 

§.F. centreless method—AND AT 

PRODUCTION RATES. Capacity 
up to 1}” diameter. 


Full particulars from : 


CHARLES 


CHURCHILL 


& CO.LTD. 
COVENTRY ROAD, 
SOUTH YARDLEY, BIRMINGHAM, 25 | 


ALSO AT LONDON, MANCHESTER, 
GLASGOW AND NEWCASTLE-ON-TYNE 








= — ; 


i own 
in standard sizes or to your 


specification. 


will help you select 


Our catalogu £ chuck most suitable 


a type and size O 


to your needs. 
Write for your copy today. 





J. H. HUMPHREYS & SONS, BLACKRIDING ELECTRICAL WORKS, WERNETH, OLDHAM. Phone: MAI 165! 
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Flo-master 


FELT TIP PEN 






Flo-master is made in 
two sizes—the Pocket 
Size for universal mark- 

ing in office and factory, 

and the King Size for heavy industrial use and 
for stencilling. 


Fade-resistant inks available in 10 colours. 


Interchangeable felt tips provided for different 
line thicknesses. 


Send for illustrated leaflet. 


CUSHMAN & DENISON CO., LTD. 


DEPT. P., 124 VASSALL ROAD, LONDON, S.W.9 
Telephone: RELiance 5268/9 














LEICESTER ENGINEERING PRODUCTS 


including hosiery and shoe machines and road 
making machinery are held in the highest es- 
‘teem. So, too, is the Leicester Permanent 
Building Society which for a hundred years 
has provided a courteous personal service to 
the investor and house purchaser. Its assets 


exceed £31,000,000 and its reserves exceed 


£2,500,000. 





| 


LEICESTER PERMANENT 


BUILDING SOCIETY 


Head Office : 
WELFORD HOUSE, LEICESTER 
Telephone 22264-5-6 


London Office : 
FITZHERBERT HOUSE, 49 PARK LANE, W.1 
Telephone MAYfair 6021-2-3 


BRANCHES THROUGHOUT THE COUNTRY 
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It’s quite a battle-cry these days “ Every 
man to his own job!” Ours is making F.H.P. 
electric motors and if you'll pardon this burst of 
pride, we do it jolly well! 

You, with your eye on new designs, finishes, 
gadgets and gimmicks, will not wish to burden 
yourself with electric motor worries as_ well 
—why not seek our advice and assistance ? 

We'll provide a motor you can fit and 
forget from our extensive range of Capacitor and 
Universal type motors (max. H.P. 1 5th). 


In addition we specialise in variable and 
constant speed Gear Units which are available 
with torques up to 100 lbs/ins and speeds ranging 
from infinity to 840 r.p.m. 

* = Illustration shows PARVALUX S.D.14 Single 

Reduction Worm Gear Unit with 1/8h.p. Single Phase 

Capacitor or 3 Phases Induction motor. 37 gear com- 

binations available giving output speeds from 20 to 
700 r.p.m,. 


REGD. TRADE MARK 





PARKSTONE 
ENGLAND 
Telephone: PARKSTONE 3827.  - - - 


BROOM ROAD POOLE 


VvORSs ET 


Telegrams: PARVALUX, PARKSTONE 








WANTED 


KELLER TYPE BL3620 
3 SPINDLE 10" CENTRE 


AUTOMATIC 
DIE MAKING 
MACHINE 


400/440 3 PHASE 50 CYCLE 


PBM 


PERRY BARR METAL CO. LTD. 
GREAT BARR’ BIRMINGHAM 22A 


Phone: GREAT BARR 1794-5-6 





DHB 
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Engineered 
for 
endurance 


This robust pump will ensure 
a longer life of useful service. 






Cast iron and steel with steel backed lead 
bronze bearings. Gaskets and glands not 
subject to pressure. Steady flow. Hydrauli- 
cally balanced. 


ma30 cer pups «= MEASUREMENT LIMITED 


700 g.p.h. at 720 r.p.m. Manufacturers of Liquid Meters, Rotoplunge Pumps, and Control Apparatus 
1,000 g.p.h. at 960 r.p.m. 

119 UNION STREET - OLDHAM - LANCS 

Telephone : Oldham MAlIn 6432 Telegrams : SUPERMETER, Oldham 


A Member of the Parkinson & Cowan Group 
































Special 
Applications in 
Food & Chemical 
Industries... 


A special gauge developed to meet 
the need of these industries —the 
pressure medium does not enter 
the instrument itself, external 
pressure on the capsule being 
transmitted by the liquid filling 
to the Bourdon Tube and indi- 
cated on the dial. 


Parts in contact with the pressure 
medium have smooth and easily 
cleaned external surfaces, and the 
capsule itself can be of non-ferrous 
metal, stainless or alloy steel. 


Special d i ar re- 
duces pressure mecilietion. 


When you think of Pressure 
Gauges think of P. & G. 





Illustrated Catalogue 
No. 52 gladly sent on 
request. 
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PAYNE & GRIFFITHS LIMITED - TUDOR WORKS - WINDMILL LANE - SMETHWICK - BIRMINGHAM 
sM/PG 1040/28 
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6 channel CRI. Film Recorder 









6-CHANNEL C.R.T. FILM RECORDER 


This instrument has been long awaited by 
engineers in many branches of industry 
who are concerned with the investigation, 
measurement and recording of vibration, 
noise etc. Compact, self-contained, it may 
be run from a rotary converter for field 
use. It has many other applications in 
association with strain gauges or suitable 
transducers from our range for recording 
and analysing load, strain and displacement. 








f 
Pl | 


prt td ape V\ al Yat 
BOULTON PAUL ELECTRONICS 


Write today for further details. —— BOULTON PAUL AIRCRAFT LIMITED 
WOLVERHAMPTON 


This recorder may solve your problem. 
phone : Fordhouses 3191 grams . Aircraft, W’ton. 








The NEW 
Extra Sensitive 








VPN Machine 


An important advance in the design of the Vickers 
Hardness Testing Machine has carried a stage 
further the accurate determination of the hardness 
of metals. Materials of extremely thin section are 
now in common use and the highest degree of sen- 
sitivity at light loadings has become essential. This 
has been achieved by a new knife edge unit and 
simple lever mechanism which ensures that loads 
are truly proportional down to one kilo. 

This new development in hardness determination is 
as important as the introduction by Vickers of the 
136° pyramidal diamond indentor which resulted 
in VPN being universally accepted as standard. 


VICKERS-ARMSTRONGS LIMITED 
13 City Road - London : E.C.1 + Telephone: METropolitan 8877 - °Grams: Vicksbox, Ave., London 
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REVOLUTION COUNTER 


WITHOUT COVER O : e 


— 


INDUSTRIAL COUNTING 
INSTRUMENTS 





OF EVERY TYPE 


FOR EVERY 
JOB 















PLEASE SEND FOR FULL DETAILS 
AND COMPLETE RANGE TO 
MAKERS AND PATENTEES 


B. & F. CARTER & CO. LTD. BOLTON, 14, ENG. ***,°rn2s) 7" 








CALDWELLS * ‘ic: STAINLESS STEEL 


Chemical Plant, 
Mixing Vessels, 
Storage Vessels, 
Tanks, Ducting, 
Piping, Flanges. 


SPECIALISTS IN STAINLESS STEEL 
AND MILD STEEL FABRICATION. 








CONSTRUCTIONAL STEELWORK 





CAPSTAN AND REPITITION WORK. 





SEND YOUR ENQUIRIES TO : 


T. CALDWELL & SON 


ST. JOHN STREET, BOLTON. 
Est. 1877. ‘Phone BOLTON 3672 (2 lines). 
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METAL 
PRIMING 
_ PAINTS 













7 \ [fe] domuch 
FEROK | to 
9 prevent 





ae Rust and corrosion are the greatest 
— menaces to metal surfaces and can only 
be prevented by the application of a 
3%) . P a P e 

‘L first-class priming paint while the 
‘ metal is in new condition. 

The 


make priming paints especially formu- 


Walpamur Company Limited 





lated for this purpose and an 
informative leaflet descriptive of them 
will be sent in response to a postcard 
The 


Walpamur Co Ltd, Darwen, Lanes, 


to Publications Department, 





BY AP NTMENT 
PAINT AND WATER PAINT MANUFACTURERS TO THE LATE KING GEORGE VI 


| THE WALPAMUR CO LTD 
DARWEN & LONDON 


Makers of Paints, Enamels, Varnishes 


and Industrial Finishes of all types. 





w4i3 
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THE MODERN METHOD OF 
COLD SURFACE HARDENING 











s\ON ARO 
re ECTRO 
cri 
BY THE 
EXCLUSIVE 


“HT” PROCESS 














COMPONENTS up to | ton 
MAXIMUM SIZE 15’ x 3’ x 4’ 


CONSULT 











THE HILTON & TUCK GROUP 


TECHNICAL SERVICE WHICH IS AVAILABLE 
WITHOUT ANY OBLIGATION: 


WRITE OR TELEPHONE 





HILTON & TUCK LTD 


4 HARDING STREET, 
PENDLETON. 
SALFORD 6. 


PENDLETON [817 


HILTON & TUCK 
(MOULDS) LTD 


OAKLEY ST. WORKS, 
WEASTE, SALFORD 5. 


PENDLETON 1600 





HILTON & TUCK 
(KIRKBY) LTD 


6 BRADMAN ROAD, 
KIRKBY TRADING 
ESTATE, LIVERPOOL. 


SIMONSWOOD 2519 








HILTON & TUCK 
(YORK) LTD 


MUSEUM CHAMBERS, 
MUSEUM STREET, 
YORK. 


YORK 2704 
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View of Blade Edge as 
seen in eyepiece. 










TAYLOR-HOBSON ~<@f 


TURBINE BLADE-EDGE 
MICROSCOPE 


For critically viewing the shape of leading 





and trailing edges of turbine blades. Shape 
is compared against a master drawing at a 


magnification of 40x. 


TAYLOR- 





HOBSON a 3. 


TAYLOR. TAYLOR 2@HWOBSON LTO. - LEICESTER «© ENGLAWD a 











hats your problem? 


Insulation? Protection? Silencing? Sealing? 





Simple or complex, Redfern’s will help to solve it. We have the 
experience, capacity and resources for economical bulk produc- 
tion of moulded components and extruded sections in natural 
and synthetic rubbers, and ebonite. Plan with all the knowledge 
of our technical staff at your elbow — we are always pleased to 
advise on the use of these versatile materials, and translate de- 
signers’ ideas into terms of efficient production. Send us your 
enquiries—we will do the rest! | 
Literature is available describing our service — MOULDINGS ... 
EXTRUDINGS . . . anti-corrosive LININGS & COVERINGS .. . FLOW 
FITTINGS (piping, cocks, tees, etc.,) . . . chemical-resisting 
UTENSILS . . . FABRICATED PARTS to specification. 

A request to add your name to our mailing list will keep you 
up-to-date with publications dealing with any of these items. 


LREDFERN | 
RUBBER & EBONITE | 


WILL HELP YOU SOLVE IT! 





xv 27 | 


= & 3 
MOULDINGS — EXTRUDINGS — FABRICATED PARTS AND UTENSILS REDFERN’'S RUBBER WORKS LTD +» HYDE - CHESHIRE 
T.P.8t2 
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Yes! We solved it! 


Problem: To efficiently weld one end of a Pin at an inaccessible point and close 
the other end in the same operation. 


Data: Rear axle housing, shaft tubes and Pins. 


Solution: We designed and produced a special type Welding and hot-closing 
Machine, working on the following principle — Short steel Pins with shaped 
contact points inserted in the holes in the work. The depression of a foot 
switch starts an automatic chain of actions : The electrodes slide into contact, 
welding current flows for a measured time, cuts out and heating current for 
riveting flows. Pressure is applied to close the Pins and finally current cuts 
out and the electrodes rise, ready for the next operation. 




















The diagram shows two Pins (done 
simultaneously) welded to a shaft 
tube and hot-closed into axle casing. 
Write us for illustrated particulars. 





Standard Resistance Welders Ltd. 


MUCKLOW HILL - HALESOWEN - BIRMINGHAM TELEPHONE. HAL 1384 TELEGRAMS: SPRINGACAR, HALESOWEN. 


PRESSINGS 


Ward (Metal Details) Ltd. specialise in the 
manufacture of all types of small and medium 
pressings. Illustrated here are but a few 
examples of che many shapes, sizes and thick- 








nesses, in steel, tin plate, copper, etc. Com- 
plete assemblies can be fabricated from simple 
pressings by welding, soldering or brazing. 
Similar components can be produced from your 
designs and to your specification, and, if required, 
supplied in painted, plated or enamelled finishes. 


WARD 


(acTeuares en) 


DARLASTON - STAFFS 





DECEMBER, 1954 Volume 15, No. 12 A105 












IF THIS IS THE GOGIG You 









BGT! IF YOU ARE 
INTERESTED IN “hid hind 





WE) HAVE SOMETHING 


ro @BIOQW 2007 

















ESTABLISHED COP OVER 70 





















PALLETS 
STILLAGES 


of different types and sizes designed 
and manufactured to suit your par- 
ticular need whether it be light or 
heavy industry. 

It is possible to envisage many kinds of 
containers to handle the various forms 
your products develop, but by careful 
thought and study it is possible to make 
one design of Stillage, with but slight 
adjustment in its design, do for several 
operations. We have designed such 
equipment, proving of great economy 
and convenience to clients. 

Send us your problem, and we will do 
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the rest. A. E. GRIFFITHS (SMETHWICK) LTD. 


BOOTH STREET, BIRMINGHAM, 2I 
Phone: SMEthwick 1571-2-3-4-5. Grams: Grifoven, Smethwick. 


A.E.G. PUBLICATIONS 


DIGEST 
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Every day additional and 
varying uses are found for 
“TRUBRITE” Stainless 
Steel, both STRIP and 
WIRE. 

Its advantages are con- 
stantly being reported, 


STAINLESS Z scope for new applications 
<2 is wide. 
S T E E L S : A =~ Write for our illustrated folder, 


S sent post free. 
<_<; ARTHUR LEE 


Zo & SONS LTD. 
e ~ **Trubrite’’ Steel Works, Meadow 


Hall, Nr. Sheffield. Phone: Sheffield 3693! 
Aliso at Crown Works, Bessemer Road, Sheffield, 9 


























We make air control equipment—the 
finest and most comprehensive range 
available — now augmented with 
our new miniature range. Our 
latest catalogue gives full 
details—ask for a copy. 





it will save time — and expense ! 





In at the start we can really help. We could suggest 
the particular equipment needed—and supply it ex- 
stock. Better for you because it obviates possible 

modifications, cuts out tire- 













some delays. And it means 


QUALITY -: SERVICE LANG PNEUMATIC %, we can give you better service, 


AND quicker delivery. 
QUICK DELIVERY 





VICTORY WORKS, BIRMINGHAM ROAD, WOLVERHAMPTON. TELEPHONE: 25221-2-3 
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* Vitreous enamel bonded 
* Highest mechanical.strength e the ey : 
* Maximum electrical performance i ee é With 
* Minimum size in relation to = j Ce% 
power dissipation 
* Can be used in tropical situations 
without modification 
* Wide range of models 
* 5 sizes from 25 to 150 watts and hike 
1 ohm to 10,000 ohms List 613.1, which 
* Available in multi-ganged units with je tal details 
any combination of ohmic values 
.-e BERCO 70ROIDAL RHEOSTATS 
THE BRITISH ELECTRIC RESISTANCE CO. LTD. 
Queensway, Ponders Ind, Middlesex. ‘Telephone : Howard 1492. Telegrams: Vitrohm, Enfield 





PIONEERS OF THE TOROILDALLY WOUND POWER RHEOSTAT IN ENGLAND 
BR1231-BXH 
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This vessel, approximately 
18’-0” in eee is con- 
structed from #,;” to 3” Plate 


and is typical of the class of 





work done by us. 


For fabrications in Steel, 
Stainless Steel and Non-ferrous 


metals, send your enquiries to:- 


W. J. KENYON & CO. 


(Sheet Metal Workers) LTD. 


Burnden Works, Croft Lane, 
BOLTON, Lanes. 


Telephone: Bolton 8580/1 


ON THE ADMIRALTY AND 
MINISTRY OF SUPPLY LIST. 
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O hccased density 


Greatly increased density of line colour without loss of 
printing speed. 


OQ Greater contrast 


Exceptionally smooth colour continuity resulting in re- 
markable sharpness of line and clarity of print from weak 


pencil line originals, 


OW Introduction of faster printing blackline materials per- 
mitting rapid exposure even from relatively opaque 


originals such as typewritten business letters. 


a avadable wit the twepoved UNAX and AMMONAX MATERIALS 


fyou are not already using Unax semi-dry or Ammonax ammonia vapour developed Dyeline Processes please write for 
sample test rolls to prove the advantages of these new coatings 


HALL HARDING LIPID sere sooce na anos esr, sos 








COUNTING INSTRUMENTS (Q] COUNTING INSTRUMEN™ ® counting INSTRUMENTS (Q) COUNTING INSTRUMEN 
NSTRUMENTS (QY COUNTING INSTRUMENTS @y “ "@UMENTS @Y COUNTING INSTRUMENTS @Y COur 
@ countine INSTRUMENTS COUNT!” 'NTING INSTRUMENTS (@Y COUNTING INSTR 
ING INSTRUMENTS @y COUNTING INS* enTS @] countinG INSTRUMENTS @Y 
NG INSTRUMENTS @y COUNTING 
@ countine INSTRUMENT 

‘“NSTRUMENTS COUN 


AENTS @ countine INSTRUMEN” 







OUNTING INSTRUMENTS @ r 
STRUMENTS COUNT!’ 


@ countine INS” 


YG INSTRUMEN™ 


COUNTING INSTRU 


‘SUMENTS @y 


ENTS (Q) ‘INTING I? 
UNTING UMENTS 
TRUMENTS (Q, »@ count 


JUNTING INSTRUM 


Illustrated is our Proud Mounting Electro- @ 
“ ; INSTRUMENTS 
G INSTRUMENTS (¢7 ce Magnetic Counter with five figures, details, be SERUME ce 
NTS @) countine INSTRUA of this and other models are given in our wUMENTS @ COUNTING IN! 
leaflet EM. 
NTING INSTRUMENTS (@Y COUN: > @ countine INSTRUMENTS { 
RUMENTS @ countine INSTRUMEN) -OUNTING INSTRUMENTS COUNTIN 


COUNTING INSTRUMENTS (@Y COUNTING G INSTRUMENTS @y COUNTING INSTRUME 


instauments (J COUNTING IN COUNTING INSTRUMENTS LTD. 


1s @ countine sit aia 5S, ELSTREE WAY, BOREHAM WOOD, HERTFORDSHIRE 
ITING INSTRUMENTS @ countin Telephone: ELSTREE 1382-3-4 Cables; COUNTHOR. BOREHAMWOOD 


fy countine INS, 
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Automatic Screw Slotting 


Machine 


WITH CUTTING TOOL 


(Patent rights throughout the civilized world) 


1. No circular saws required 
2. Use of a cheap cutting-tool 
3. Unlike saws, the tool oper 


4. Easy grinding of tool 
5. Absolutely flat bottom cut 


Representative for England : 
F. W. KUBACH, 12, SYLVAN 


ates dry, therefore no 


coolant, no cleaning required. 


6. Increased output : up to 150 pieces a minute 


ROAD, LONDON, S.E.19 














Specja}; 
Rub ngi 
» Plastics e 
Making |; » Electric. 
& CO. LTD ip iaiiy ering 
° Ociateg industries a" Products 





MIXING MACHINERY 


BRIDGE-BANBURY PATENT 
AUTOMATIC INTERNAL 


The Hallracrh — wmaiaareen 


‘ De sign 2-ROLL MILLS 
} 


ecvice and ~ GALENDERS 


Prformance on EXTRUDING MACHINES 


HYDRAULIC PRESSES 





BELT MAKING MACHINERY 
HOSE PIPE MAKING MACHINERY 
TYRE MAKING MACHINERY | 
RUBBER PLANTATION MACHINERY 
RECLAIMING MACHINERY | 


LABORATORY AND PILOT PRODUCTION 
MACHINERY 


SPECIAL EQUIPMENT FOR MANUFACTURERS 
INDIVIDUAL REQUIREMENTS 


FRICTION CLUTCHES 


HEYWOOD AND BRIDGE’S PATENT 





DAVID BRIDGE & CO. LTD., CASTLETON, 
Tel. CAStleton Rochdale 57216 Grams and Cables Coupling Phone Castleton Lancs 


London Office: Broughton House 6-8 Sackville Street, Piccadilly W.1. 


Phone GROsvenor 7480. 


Grams and Cables 


ROCHDALE, LANCS 


Ederaceo Piccy London. Tele 
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The Electrical Measurement 


of SPEED 


The illustrated units are the only two items 
necessary for the electrical measurement 

of speed. Thus, the Indicator can 

be mounted at any distance from the 

machine and any specified number of 
Indicators can be connected to one Alternator. 














ALTERNATOR 
TYPE LSA 






Alternators available with a choice of six 9 
drives ; Indicators for either flush or 


projecting mounting in dial sizes 4”, 6” or 8”. 





Enquiries are welcomed and specifications 
will be forwarded on request. 








LABORATORIES 


Tel.: Radlett 5674-5-6 








dm BP. 29 





Henry Berry & Co. Ltd. 


1883 — 1954 


71 years of progress 


We remind you that we are one of the oldest Hydraulic Manufacturing 

Companies in Britain and we make all the most modern equipment for 

every branch of British Industry. All Engineering and Industrial 

undertakings of repute in Britain and beyond the seas are our 
customers. 


Our standard lines of products include 


Hydraulic Presses, Pumps, Accumulators, 
Valves and Intensifiers, Plate Bending Rolls, 
Punching and Shearing Machines, Veneer 
and Plywood Presses, Hydraulic Presses for 
Continuous Finishing of Silks and Rayons. 
High-pressure Hydraulic Plant for Railway 
Workshops and Shipyards. 


In addition we design and make special tools both 
mechanical and hydraulic for all industries. 


CROYDON WORKS, LEEDS 10 


Telephone: 75481-2 Telegrams: “ Rivetter Leeds 10” 
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Put a STOP to it... 
ee with RING SPRIN 


If you ‘suffer from the effects of SHOCK’ — 
. whether in its absorption or dissipation — 
then the RING SPRING may be the answer to 
your particular problem. 
















The RING SPRING (an assembly of unit steel 
rings) is designed to absorb shock and to allow 
its steady dissipation. It is fully described in 
all its aspects in our latest folder in which 
your particular requirement may be found 
amongst the list of its many industrial appli- 
cations. 


RING SPRINGS LTD. 


NE T Hee T ON UR: ON W* 0: RRS 


DUDLEY 


ONE OF THE HINGLEY GrouP OF COMPANIES 
(STEEL RING DIVISION) 


















































MINIMUM EASE OF MOUNTING VIBRATION AND 
DIMENSIONS AND WIRING SHOCK PROOF 


To simplify and protect... 


Slydlok x type fuses afford the designer complete free- 
dom because their ease of wiring, their compactness, 
and above all their resistance to mechanical shock, 
enables them to be incorporated wherever convenient. 
Adaptable for cartridge fuses and neutral links, Slydloks 
afford protection, with simplicity. Write for literature. 


FUSES 


Mh 
Vy 
r 








EDWARD theo & CO., LTD., WYTHENSHAWE, MANCHESTER 
Tel. : WYThenshawe 2235/6/7. Grams: Slydlox, Manchester 
dmEW54 
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Make 
More 





FIRST ASK THRE C€C.BD.2z. 


COPPER DEVELOPMENT ASSOCIATION - KENDALS HALL - RADLETT - HERTS - RADLETT 5616 


Copper and its alloys are now available in ample supply for 
all purposes. Maximum economy and efficiency in the use of 
these versatile materials is achieved by careful selection and 
proper application. The Copper Development Association will 
gladly advise on any use of copper or its alloys—free of charge 
or obligation. The C.D.A. exists to help copper to help you and 


welcomes your enquiries. 
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Easy 
Withdraw- 


damage 


Easy 
Selection 


— 


\FEELER GAUGES 


PATENTS APPLIED FOR 


The Great Novelty 


Every engineer knows the disadvantages of the con- 
ventional fan type feeler gauges — they are easily 
dented, bent and torn, especially the thinner gauges> 
and after a very short time lose their accuracy. It is 
also impossible to use gauges thinner than 0.0015”. 
The new Rubert Feeler Gauges represent a great im- 
provement because of the following advantages :— 
Blades freely removable by pressing clamp. 
Same clamp is used as pocket clip. 

Easy selection without damage to the blade. 
0.001” blades can be used. 

Short projection of blade if required. 

Both ends of blade can be used. 

Step gauges can be formed. 


2S Pe i 


Easy replacement of blades. 


Supplied on display cards holding 12 each. Ask for 
leaflet. 


RUBERT & CO. LTD. 


CHAPEL STREET, LEVENSHULME, MANCHESTER 19. 


Shortest 
projection 
—_ ee as 

of blade 
as desired 


Both ends 
can be 


Canbeused @ 


—_———_-- 
as Step- 
Gauges 


Supply of 
Assorted 
—_— 
Spares to 
make up 
any 
combin- 
ation 


Tel. : 








Bie | 


Rusholme 4613 
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RNSTHORNES 


BULLOCK STREET WORKS, BOLTON. 
Telephone: 1143 Established 1860 





Wi 


There are no finer 
springs than, 


Springs by Riley 


SNOWY 
ys} 
SINCE 1821 








ROBERT RILEY LTD., Milkstone Spring Works, Rochdale 
Phone: Rochdale 2237 (5 lines) Grams: ‘Rilospring’ ROCHDALE. 





TO INDICATE CONTROL OR RECORD 





For Accuracy, Ease of Reading, Robustness, Economy and long, trouble free 
life install Rototherm Thermometers. Instruments are available to suit most 
Industrial, Marine and Laboratory requirements. Specialists in bi-metallic 
applications. Please write for details. 


Rototherm 


BI - METAL MERCURY -IN - STEEL VAPOUR PRESSURE 
THE BRITISH ROTOTHERM CO. LTD. 
Merton Abbey, London, S.W.19 LiBerty 7661 
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5 
” al Les a 


with the 


HOLT 1TON 


Pneumatic Press 


*For 
BLANKING, PIERC- 
ING, BROACHING 
FORMING, ETC. 


OR WHEN USED WITH 
A VIBRATOR FOR— 


RIVETING AND 
PEENING. 


Write for Full Details to:— 


JAMES HOLT ENGs. LTD. 


LIVSEY COURT ENG. WORKS — CHINA LANE 


HIGHER BRIDGE STREET, BOLTON 
CS Phone: BOLTON 1209 








OPERATED BY 


FOOT 
or 
HAND 








Prov. Patent No. 1723/52 
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A very good way to 


of components in 
any metal (including light 
alloys except magnesium) 
up to 10ft x 3ft x 4ft 6in. 
and 4-ton in weight... is 
ee 


HARD CHROMIUM 











PLATING by 
iE 


LIMITED 


ap STUDLEY ROAD + REDDITCH + WORCS. 
Telephone Studley 121/3/4 


Write or ’phone 
for details today! 


MAVITTA 


DRAFTING MACHINES 


A complete range of Drafting Machines for Boards 
up to 50 feet long, both vertical and horizontal. 
Adjustable Drawing Stands and Boards. 
Mathematical Scales in various materials. 
Surveyor’s Rods. 


Isometric Projection Machines 





THE MASTER—latest 
inour range—Linkage by 
steel bands and pulleys 
—360 degrees rotation 
of index head-—auto- 
matic location of main 
angles by press button 
through knob—quick 
release of head for lining 
up to drawings—counter 
balanced for vertical use 
—modern styling and 
high quality finish. 


FULL CATALOGUE ON 
APPLICATION 


The MAVITTA DRAFTING MACHINES LTD. 


HIGHLANDS ROAD SHIRLEY BIRMINGHAM 
Phone: SOLIHULL 2231/2 Grams: Mavitta, B’ham 
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AND 
PRESSION ject! 


PLASTICS 
FOR INDUSTRY? 


have the experience 
AND 
the equipment 


aqG 
, S—S= 
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ID & MICA oo sae 
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; BIRMINGHAM 1 pay — 
~ jated 
, ies associa 
up of companie ag 
One of oO iees Electric Corporation 
with the 50U 











DRAWING 
INSTR 
















X. Dorey 
EOS 
HS oF 

\\ 


The more im- 
portant your work 
the greater the necessity 
for reliable and accurate 
Drawing Instruments. Insist on 
using only Thornton’s for complete 
satisfaction. 


Our Illustrated Catalogue giving particulars 
of P.I.C. Slide Rules, Drawing Instruments, 
etc., is sent Post Free on request. 


A'G THORNTON. LTD 


Drawing Instrument Specialists 
WYTHENSHAWE, MANCHESFER 





PRESSURE REDUCING 
VALVES | 





WILLIAMS & JAMES 


(ENGINEERS) 
LIMITED 


CHEQUERS BRIDGE 


Telephone: Gloucester 24021 


* GLOUCESTER 


Telegrams & Cables: ‘'Compressor Gloucester" 











COXETER 


Revolving Centres 










e Models for Bar or 
Tubular work 

e Standard Sizes, 
morse taper and 
parallel shanks 

e Best Cast Steel con- 
struction hardened 
and ground 





Be Heavy duty bearings 


e Especially suitable 
for heavy cutting 
with tipped tools 


e Special sizes quoted 
for 


© Quick deliveries 


IMPROVED TYPES 
Price list on Application 


REVOLVING CENTRES LTD. 


40-41 PARK END STREET, OXFORD 
Phone : OXFORD 2275/6 Grams : COXETERS, OXFORD 
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FOR MACHINERY BELTS 





All types of machinery 
belting can use ‘ BAT’ Flex- 
ible Belt Lacing. ‘BAT’ 
makes a joint of exceptional 
strength and flexibility. Easy 
to fix—only a hammer needed 
—and held by the newly 
designed double rocker pins. 





FLEXIBLE BELT LACING 





AUTOMATIC PRESSINGS LTD., Bat Works, Blackheath, Staffs. 
Makers of ‘ BAT’ Carded Belt Hooks and Timber Connector 


Please mention ‘ Engineers’ Digest’. 
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GEARBOXES 


2,3, 4,6 & VARIABLE SPEED 


Made mainly from batch produced parts 

Matterson Gearboxes are completely reliable 

and reasonably priced. The units are built 

in 2, 3, 4 and 6 speed and infinitely variable 

models by men taking a pride in their work. 
They will not let you down. 


MATTERSON LIMITED 


SHAWCLOUGH . ROCHDALE 
Tel. 4194 
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ESTABLISHED 1923 
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ian CARBIDE INSERTED 


They are Tough and Hard and outlast many H.S. 
Steel or “Live” Centres. ‘‘PAREX” means 
accuracy with economy. They are supplied in all 
standard tapers, or special for light or heavy duty 
lathes and grinding machines. ‘‘ PAREX”’ metal 
is not affected by ordinary abrasive grits. Send 
for price lists and literature to Sole Makers: 


ERNEST TURNER ¢ Go. (savForD! LTD 


‘* Parex ’’ Works, West Burton Street, Salford, 5. 
Tel. Tra. Park 1381. 
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“KEETONA” HOLLOW BORED SHAFTS produced 
from Solid Steel Bars by a process of deep hole 
drilling developed commercially over the past 25 years. 


By up to date methods and plant we are in a position 
to supply, or deal with, large or smal! quantities o! 
bars of any outside diameter, with bores from } in. to 
6 in.; in lengths up to 4 ft. in the smaller bores, and 
up to 16 ft. in the larger bores. 


Can “KEETONA ’ HOLLOW BORED SHAFTS be 
applied economically to your production? 


Let us advise you. 


KEETON, SONS « CO.LTD 





ROYDS LANE Pr leEb. 


TEL re P 
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Immediate delivery avail- 
able from a wide range of 
sizes and types for all 
industrial purposes from 
300 p.s.i. to 45,000 p.s.i. 


Illustrated: Hand-operated 
concentric ram test pump, 
with 2 in. ram for rapid 
filling of vessel to be tested 
and 3 in. ram for obtaining 
the pressure. Suitable for 
pressures up to 1,500 p.s.i. 


SIR W. H. BAILEY & CO. LTD 
PATRICROFT~ LANCASHIRE 


Phone: ECCLES 3487-8-9 
Grams: BEACON, ECCLES. 


LONDON OFFICE: 4 Domingo Street, London, E.C.!. ‘phone: Clerkenwell 0791/2 
SLUICE VALVES ~- REDUCING VALVES <- TEST PUMPS ~- TURNSTILES 
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The Ascent of Everest... 
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Heavy goods can 
be delivered right 
into our works 
either by rail 
road. 


DAVID HARCOURT LTD 


LINKULA WORKS ° COVENTRY RD -: sIRMINGHAM 10 

Telephone: Victoria 1051-1052 Telegrams: Linkula Birmingham 10 
rr 

a member of SMI rvs Industrial Instrument Division 

@ 252/10 
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MALLEABLE IRON 


od od a OL Ch 


* Individually air tested 


X 


HIGH TORQUE | | 
SMALL SIZE Cut out Gears, Chains, Belts 
HYDRAULIC * Solve all lubrication problems 
OIL MOTORS © Provide simple and efficient 


transmission with perfect control 
Send for list of at reasonable cost. 


standard motors to: ¥ HYDRAULIC MOTORS & PUMPS FROM 1 h.p. UPWARDS 
BRAMWELL, WHITEHEAD & CO., LTD 
q : KS, KEIGHLEY 
MICRO WORKS, MORRELL ST., LEAMINGTON SPA migaprcnniliagenaene ss 
Telephone: LEAMINGTON SPA 1694 ’Phone: 3749 ’Grams: “MALLEABLE, KEIGHLEY 


* British Standard taper pipe thread 


WALTER SLINGSBY 


AND COMPANY LIMITED 








RRR 
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(1) Clatonrite Stikastrip. 
Sponge rubber sealing strip, stops 
DRAUGHTS, RATTLES, AND VIBRA- 
TION. Just moisten with petrol and 
press in position. SKINNED WATER- 
PROOF SECTIONS also available. 


(2) Harrisflex Torflex Couplings 
For all machines where cushioned drives 


2 are essential. Wide range of couplings 
x) = available for light applications. 
ay (3) Harrisflex Anti-Vibro Instru- 
ment Mountings. 
instruments and 


For scientific light 


equipment. 


(4) Clatonrite Adjustable Coni- 
cal Type Vibro Dampers. 

For all mounting applications from 250 

to 1,500 Ibs. load range. Pre-set types 

also available. 


Fully illustrated literature available on 
request to Dept. P. 


HOWARD CLAYTON-WRIGHT 
LIMITED 
Wellesbourne, Warwickshire 


Tel: Wellesbourne 316/7/8 
’Grams : Clatonrite, Wellesbourne 
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if it’s valves... 








the right answer to the problem is most likely to be found in our 
extensive range of manual, power-operated, and self-acting types, 
available in standard and special versions for the vast majority of 
power plant and industrial applications. For a quick survey of the 
principal lines, write for list G 214. 


BLAKEBOROUGH 





J. BLAKEBOROUGH & SONS LTD - BRIGHOUSE - ENGLAND 
E3 blb 3815 


All9 
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Agency—CRANE PUBLICITY LTD. 

Wade Couplings Ltd...............ec0e0 539 
Agency —TOWNEND-SMITH & HARDY LTD. 
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Wakefield, C. C. & Co., Ltd............. A75 


Agency—DORLAND ADVERTISING LTD. 
Walker, Crosweller & Co., Ltd...... A46 
Agency—BEARDMORE ADVERTISING LTD. 
Walpamur Co., Ltd. 
Agency—OSBORNE-PEACOCK Co. LTD. 
Ward (Metal Details) Ltd.............. A105 
Agency—BEARDMORE ADVERTISING LTD. 
Whitehouse, Wm. & Co., Ltd 
Wife Kerri Ethan nace ce cccscccnsdesencacs A22 
Wilcox, Edward & Co., Ltd. 
Agency —DONALD MACDONALD (ADVERTISING) 


LTp. 
Wilkinsons Tools Ltd.............:0+e0e+ 543 
Agency—CRANE-WooD LTD 
Williams & James (Engineers) Ltd...Al16 
Wolverhampton Die Casting Co., 
ERY os ciscnsuciccvasasdcseatcassasaatuevas A90 


Agency—STERLING ADv. LTD. 
Yale & Towne Manufacturing 
Agency —ERWIN Wasey & Co. LTD. 


Zinc ~_— Rust-Proofing Co., Ltd cover 3 
Zwicky, G. (London) Ltd............... A9I 
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magnetic valve co. A flame-proof solenoid housing, 


that counts! 


It’s a relief to know that you can place complete 
reliance on your auxiliary services having every- 
thing under control. Magnetic Valves have the 
‘know-how’ accumulated over 25 years in the 
valve manufacturing business, and they can apply 
it to your control requirements, whether auto- 
matic or remote, for air, oil, steam, coal gas, and 
other industrial liquids and gases. No help from 
glands, stuffing-boxes, or driving-shafts is re- 
quired. Ask for our illustrated literature, which 
gives details of the full range of Magnetic Valves 
up to 12 in. orifice. 


w Special Valves designed if required. 
Standard Valves delivered ex stock. 





Magnetic Balanced 3-way Valve 


This valve can be used to control air, 






oO 


° a water, oils and other liquids, normally 
ys passed through a pipe where it is re- 
“OOK ed quired to operate Diaphragm Valves, 





*K——_—" Single Acting and Double Acting cylin- 


der mechanisms, etc. Standard valves 

are bs are suitable for controlling pressures 

pS to 70 lbs. per sq. in. or 100 Ibs. 

0) if per sq. in. as required. This type of 

4 valve is capable of operating at high 
speeds over long periods. 


Buxton Certified, can be fitted 


LIMITEC where required. 


28 ST. JAMES’S PLACE - LONDON ° S.W.1 Tel: Hyde Park 7588 





Precision-built MIKRO 
AIRLOCK with guard 
partially cut away to 
show drive. 





New vanes keep material from 
binding rotor. 
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One client orders 100 
after trial test! 


Handles solids with minimum air leakage 


The mrxkro Airlock is a precision-built rotary valve which provides continuous loading or un- 
loading from a chamber under slight pressure or vacuum. Used at the discharge end, it provides 
absolute assurance against dusting since no air can be blown out with the materials. 

New vanes of various compositions to meet your needs keep material from binding the rotor, 
provide longer wear and lower maintenance costs with less replacements. Will not bind 
even with resinous materials. 

ALL ®EARINGS EXTERNAL. The mixro Airlock is ideal as a feeder, controlling feeds 
to mixers, blenders, pulverisers, dryers, tanks, bins and various types of processing equipment. 
It will handle granular or powdered materials at a pre-determined rate. 

Under proper operating conditions, the mixro Airlock will stand pressures of 20” to 22” of 
water with leakage of approximately 20 cfm. It is extremely efficient and has applications on 
various jobs involving discharge of material from a storage tank or hopper where a differential 
pressure across the Airlock will be encountered. 

The mixro Airlock is normally equipped with a standard 1/4 h.p. motor and V-belt drive. Ad- 
aptable for many applications where it is desirable to unload or discharge material continuously. 

Exclusive Manufacturing Licensees for 


PULVERISING MACHINERY CO., SUMMIT, NEW JERSEY, U.S.A. 


BRAMIGK & COMPANY LIMITED 


MIKRO HOUSE, 15 CREECHURCH LANE, LONDON, E.C.3 
’Phone: AVENUE 4822/3 ” DON 
*>Giams: BRAMIGK, FEN, LONDON Cables : BRAMIGK, LONDO! 


THE ENGINEERS’ DIGEST 
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RUST PROOFING CO. LTD. 
| SHAKESPEARE STREET, WOLVERHAMPTON 
| TELEPHONE: WOLVERHAMPTON 20647/8 
| ALSO AT LONDON & ROCHDALE TT CS GS LE LD 
| 

| | 

it 


keep out 
dirt with 
‘FORTOX’ 
- | PLEXIBLE acute qos 


a compact guard with an excep- 
tional expansion, having a ratio 


i 
oT, of approximately 10-1. All shapes 
nd DUST and sizes are available to meet 
{ individual requirements. Mini- 





ds | mum internal diameter is | in.... 
it. ] EXC LU D ERS no limit to maximum size. Proto- 

; types and development work a 
of speciality. Mechanical leathers 
n & of all descriptions. 
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y HENRY BEAKBANE (FoRTOX) LTD 

A. HEAD OFFICE AND TANNERY LONDON WORKS 

) svowareur om uxvent nae CY Sener 

3 WORGS. BOROUGH, S.E.I. 
TEL. STOURPORT 17 TEL. HOP 0458 
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Latest Design 


... but incorporating 
already established features of 
B.S.A. centreless grinding machine 


construction, proved successful through 
many years of application 
in it’s predecessors 








Extremely fine feed of grinding wheel by 


micrometer head 
Micro-controlled adjustable work-base 


Stationary control-wheel head—tilts for 
through-feed—swivels to allow minute angula 
correction and eliminate excessive whee 


ruing 


A separate truing slide for each wheel-head 


TRELESS Bnet | Bo variate 
T | 


plain cylindrical, taper, shouldered, spec 


diameter (straight-chrough 


B.S.A. TOOLS LIMITED BIRMINGHAM : ENGLAND 


Sole Agents in Great Britain : 
BURTON GRIFFITHS & CO. LTD 


KITTS GREEN, BIRMINGHAM. 33. 
TELEPHONE: STECHFORD 307! (10 Lines). 

















